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Isitroduction

The mature human body is the end result of a
remarkable growth process that requires alnost
two decades for completion. During this 20-ycar
period, the individual who initially was the prod-
uct of two germn cells, becomes an adult made up
of 100,000 billion cells. Yet, contrary to popular
belief, size increase is perhaps the least significant
of the many components of human growth.
The human being at any age is very complex:
he represents a marvel of specialized tissues and
complementary functions—all coordinated to
allow continuing integrity of his bady as a whole.
Fundamental to the growth process is the fact
that all body systems must continue to work in
concert at every stage of growth. Changes must
be timed with exquisite precision, not only to cul-
minate in a wnified adult, but also to insure the
integration of body activities which is ecssential
at cach intermediate point in growth. For (his
highly complicated process to evolve normally,
physiologic systems must come into being in
nicely ordered sequence, and they must be syn-
chronized with others already in cxistence or. vet
to come. This is why the study of growth at its
most basic levels may be viewed as an approach
to better understanding of the nature of life itsclf.
Rescarch in any branch of medicine is usually
first conducted at the hasic science level using
laboratory animals. For growth rescarch, rats arc
most commonly used since even after maturation
they can be induced to grow almost at will.
Growth research advances arc next tested in pri-

8 | 1

mates (apes and monkeys) hecause their physio-
logic systems most closely paraliel those of man.
Finally, growth is studied in human volunteers,
whose normal or disordered growth processes ulti-
mately are not duplicated in any other living
creature.

For the pust decade, much of the clinical re-
scarch in the United States on the complex
process of growth in humans has been conducted
in General Clinical Rescarch Centers supported
in medical institutions across the Nation by the
Division of Rescarch Resources of the National
Institutes of Health. The General Clinical Re-
scarch Centers program currently funds 80 re-
scarch centers in 70 of the Nation’s rescarch in-
stitutions and medical schools. Within the pro-
gram as a whole, there are 742 adult and 163
pediatric research beds plus a manpowecr force
of over 2,000 physicians and other specialized
medical personnel.

Each clinical rescarch center is a “hospital in
miniature,” a medical ward specifically designed
for research in human health, Generally located
in a university hospital, the “average” center con-
sists of 11 research beds, a dircctor's laboratory,
two research laboratories, 1 metabolic kitchen, a
procedure room, and a treatment room.

A patient is admitted to a rescarch center only
as part of a preciscly defined research protocol,
and his hospital stay is constantly supervised bya
physician-investigator. The details and aims of
the study, as well as the risks, if any, have always
been carefully explained to the patient. The study
has also been reviewed and approved in advance
by an appointed group of independent hospital
physicians.
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Inits 10-year history, the General Clinical Re-
scarch Centers program of the National Institutes
of Health has contributed more than $68 million
in Federal funds to clinical research on human
growth. Center investigators have used over 5 18,-
000 bed-days to study growth processes. This
represents research on an average of 142 in-
patients each day for the past 10 years.

Within a recent 1-year period, over 1,500 sepa-
rate studies on human growth were conducted
in General Clinical Research Centers, More than
onc-third of these projects concentrated on the
influence of hormones on growth, (Hormones are
the major chemical determinants of when
growth begins, how it proceeds, and when it
stops.) Other projects sought to definc the cf-
fects on growth of such diverse influences as pre-
natal life, heredity, nutrition, illness, and even sex
and emotion,

Medical scientists study periods of intense
growth with unusual interest. In addition to pro-
viding ideal conditions for the basic study of
growth and its derangements, these periods also
represent @ natural laboratory where solutions
may be sought to many of the serious, nongrowth-
related disorders that plague people throughout
life.

For example, cells multiply at their greatest
rate between the time of conception and the be-
ginning of puberty. This period—the fetal and
childhood ycars—is perfectly suited for rescarch
into the control of human ccll multiplication.
Through such rescarch, physicians may in time
learn why, in many people, abnormal cell division
produces cells that, unfortunately, are not car-
bon copies of the originals, and why cellular
growth in some people becomes completely un-
controlled or cancerous.

452-2000. 72 . 2
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As the difference in growth hetween boys and
girls becomes more fully documented, General
Clinicil Rescarch Center investigators may also
define those influences—both genetic and en-
virommental- -responsible for the greater longev-
ity enjoyed by women in all developed nations of
the world, :

Also, growth studies will undoubtedly result in
significant discoverics about the disabilities of old
age, particularly those due to unstable celhular
changes and to the diminishing ability of the body
to repair itself. In time, physicians may cven be
able to circumvent many of these infirmities,

As we have seen, clinical studies on human
growth have application, directly or indirectly, to
many of the medical problems experienced by
People of both sexes and of all ages. Today, medi-
cal research at the basic science and laboratory
levels is being quickly translated into improved
medical care for all people with the help of in-
vestigators studying these and other health mys-
terics in the General Clinical Rescarch Centers
of the Division of Rescarch Resources, National
Institutes of Health.




The Initiation of Growth

Intrauterine Life
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The most rapid and crucial period of growth in
the human being occurs in the 9 months be ore
birth. Because this growth takes Place within the
cloistered setting of the uterus, it has not been
in the past readily available [or study. However,
this listoric lack of knowledge is being rapidly
overcome as clinical investigators join with basic
scientists in the development of new research
lechniques 1o study [etal growth during preg-
nancy. The availability of these new lechniques
has improved obstetrical care strikingly within
the past 5 years. Many of the disorders that cause
breakdmons in the normal chain of evenis of
bregnancy can now be cither detected early and
lrealed, or circumvented,

Scientists have known for vears that, except
for the sperm and ova (the reproductive cells
produced by the male and female), the billions of
cells in a single human body all share identical
genes——blueprints inherited from the parents that
determine how the body is to he constructed.
These genes, themselves composed of specific
sequences of chemical substances, are normally
linked end-to-end in precise order to form long
thin strands. Within the nucleus of each body cell,
the strands exist in segregated, complementary
paits, the two strands intimately associated in a
spirally entwined configuration. This double-
stranded coil constitutes one “molecule” of de-
oxyribonucleic acid (DNA), which, in associa-
tion with the other DNA molecules in the nucleus,
controls chemically every activity of the cell in
which it exists.

When an ovum or a sperm is formed, the two
strands of cach molecule of DNA uncoil and sepa-
rate, and only one of each pair is donated to the
germ cell. At coneeption, with the union of ovum
and sperm to form one cell, single complementary
strands from cach of the two parents unite to form

& new paired DNA spiral, which will then he

duplicated preciscly in each body ccll of the new
human. In this way, both parents contribute
cqually to the chemistry of fife passed down from
one generation to the next.

The first 2 weeks of pregnancy is the period in
which the newly conceived life fastens itself to
the uterine wall. This union starts the enlarge-
ment of the uterus and begins the development of
the placenta-—the organ by which the unborn
baby is attached 10 the wall of the uterus and on
which he will depend throughout the pregnancy
for nutrition, respiration, and excretion.

Atvarious times during the ensuing pregnancy,
the genes trigger or suppress the production of
enzymes—organic catalysts that determine how
fust or how slowly specific chemical reactions
occur within the body. These reactions, in turn,
dctermine whether and when' a developing cell
will become part of specialized tissue such as
heart, lung, bone, muscle, or fat.
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The uterus provides the requisite environment

for difTerent organ systems to develop harmoni-
ously. Much cvidence is accumulating that the
uterine environment may wield as great an in-
fluence as docs genctic ecndowment in determining
how large the fetus may grow before birth.

Between the 2d and 10th weeks of pregnancy,
the cells for arms and legs, cyes and ecars, and
vital organs arc differentiated. This is now proven
to be a most vulnerable period of life. Many
severe birth defects have been traced by re-
searchers to maldevelopment during this phase
of prenatal growth.

Today, scientists have ncw, reliable bioengi-
neering tools for monitoring the physiology and
chemistry of the uterine environment, and they
can identify very carly some of the genetic
makeup of the fetus. For example, the process of
amniocentsis, developed at a General Clinical
Rescarch Center, allows a doctor to safely with-
draw, through the mother’s abdomen, some of
the fluid in which the fetus is bathed. From anal-
ysis of the fluid, physicians can detect within the
carly months of pregnancy whether certain birth
defects are developing in the fetus. The test was
developed as a rescarch technique, but it is now
widely used clinically as a diagnostic procedure.

Development of the skeleton begins in the 2d
month of intrauterine life. Almost all bone in the
body is first laid down in the fetus in the form of
cartilage—a flexible material which persists in
adulthood in such arcas as the cars and nosc.
Ossification, the process by which cartilage is re-
placed by true bone, however, only begins in fetal
life. It continues throughout childhood and is not
concluded until the end of puberty.

12
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The initial sign of impending ossification in a
specific arca of cartilage is the swelling up and
arrangement of the cells into ordered columns.
These cartilage cells then disintegrate, and as they
break down, a protcin matrix—the basic mate-
rial of the subsequent bone—grows into the space
they vacate. This matrix in turn absorbs min-
crals, such as calcium and phosphorus, from the
blood stream and therehy attaitis the composition
of truc hone. Those arcas in which the conversion
of cartilage hegins are known as primary centers
of ossification. They, unlike cartilage, show up on
X-ray.

As the process continues, different areas of os-
sification within a potential hone grow toward onc
another until a stage is reached in which a thin
disc of cartilage is all that remains between two
arcas of bone. This disc continues actively to grow
on one surface while its conversion to bone pro-
cceds concomitantly on the other, resulting in
steady growth in length of the bone. The most
common examples of such lincar growth are in
the long bones of the arms and legs, in which,
simplistically, a growing disc of cartilage at cither
end continues to proliferate throughout child-
hood. These plates of actively growing cartilage
between two areas of hone are known as epi-
Physes. At the cnd of puberty, in the process
known as epiphyseal closure, the cartilaginous
plates arc completely converted to bone, and no
growth of the bone subscquently can occur.
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As bones increase in length, so st they also
increase in width. This requires the deposition of
new bone on the external surface of the shaft and,
simultancously, an absorption of old hone from
the center. The result is mature bones having
roughly the configuration of a hollow pipe, the
center cavity of which becomes filled with bone
marrow, from which cells of the blood are even-
tually produced. '

Radioisotope studies have revealed that once
bone is formed, it does not remain  inactive.
Throughout life, it is constantly being destroyed
and re-formed as minerals such as calcium and
phosphorous are exchanged between bone cells
and body fluids. This bidirectional flow enables
bone to serve as a reservoir of mincrals nceded,
on demand, by other body systems. In the grow-
ing fetus and child, of course, bone mineraliza-
tion cxceeds demineralization, permitting  the
skeleton to grow in size and strength,

The latter months of pregnancy are devoted
primarily to further development of existent body
organs and systems. By the 6th month, fatty tissuc
starts to build up; at every stage of pre- and post-
natal growth, its main function will be to store
energy and help regulate hody temperature. Dur-
ing the last 2 months, the fetus grows so rapidly
that it gains about onc-half pound a weck.

Atonc General Clinical Rescarch Center, am-
niotic fluids, blood pigments, waste products, and
fetal cells are analyzed during the last months of
pregnancy to determine more accurately the
changes that normally occur during this time of
rapid fetal growth. This and other newly devel-
oped ways to examine fetal growth reveal again
the remarkably favorable intrauterine environ.
ment usually provided by the pregnant woman.
In addition to the physical protection it affords the
growing fetus, this environment s admirably de-
signed to promote between mother and child the
steady, dynamic exchange of substances required
for optimal fetal growth.

Indeed, so long as the flow of blood to the
uterus is normal, and the concentration of nutri-
ents traveling through the placenta is adequate,
the fetus will probably grow to be at least SVa
pounds at_birth—the dividing line between the
normal and the low birth weight newborn,




Low Birth Weight Babies
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Many General Clinical Research Centers are con-
ducting intensive studies of infants who [ail to
grow lo normal size before birth. By focusing on
the unique problems of these low birth weight
 babics, scientists may be able to halve the infant
death rate in this country and, perhaps, eliminate
tie major cause of brain damage in children. As
the mysteries of prenatal growth are examined
more inlimalely, increasingly sophisticated tech-
niques of obstetrical care will likely be developed.
And these new techniques may in time enable
more and more mothers to provide their unborn
childrep with the uterine environment most con-
ducive to healthy growth.

The size of a new haby is closcly linked with
the size of the placenta, This consistent correlation
has been part of midwife lore for centurics. Large
infants always have large placentas. Twins, trip-
lets, and other multiple births have even larger
placentas. Scientists, thercfore, suspect that the
upper limit in size that a fetus can attain is dircctly
dependent on the amount of placental tissue ade-
quatcly conveying nutrients and oxygen to him.

Small babies usually have small placentas.
Sometimes it small baby has a large placenta, but
,in such a case, a portion of the placental tissue

‘v may have heen defective and functioning

improperly.

Several scientists have found that, during a
normal pregnancy, the adrenal glands of the fetus
work in concert with the placenta to manufacture
hormones that dilate the arteries which supply
hlood to the uterus. This allows the increased
blood supply required by the growing fetus, This
metabolic interplay between the placenta and the
fetal adrenal glands is mediated by the hormone
estriol. The measurement of this hormone in the

urine of the mother is one of the newest methods
an obstetrician can use to determine if placental
development is proceeding normally. A relation- .
ship also exists among a low excretion of estriol
during pregnancy, a constricted blood supply to
the uterus, and subsequent low birth weight of
the baby. Having cstablished this relationship, re-
seiarchers are secking ways to enable the physician
to increase blood flow to the uterus in an attempt
to avert the delivery of a low birth weight haby.

Although human growth hormone (HGH) has
been identified in fetal blood as early as 15 weceks
alter conception, to this day no evidence exists
that HGH regulates the size of the. fetus. Consid-
crable progress has been made in isolating human
placental lactogen, an HGH-like material present
in the placenta; yet, studies indicate this hormone
probably does not reach the fetus in :umounts
sufficient to control his growth,

Infant survival ratc is inversely correlated with
birth weight; the lower the weight of the new-
born, the greater the danger he faces. Until re-
cently, all infants weighing less than S5V4 Ibs, at
birth were automatically classificd as “pre-
mauure,” and their postnatal conditions were
evithiated and treated according to the same
guidelines of care. However, physicians are rec-
ognizing increasingly that intrauterine growth
retardation, not prematurity, may account for
one-third to one-half of all low weight newhborns,
‘The distinction is of paramount intportance in
that postnatal care appropriate for the true pre-
mature, horn before completing 36 weeks of in-
trauterine life, may be inappropriate, or even
contraindicated, for the low birth weight infant
who has gone full term.

17" :
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Early pregnancy is the most propitious time to
determine if growth-retarded development is
taking place. The sooner the suspicion can be
confirmed, the more effcctive are the steps that
can be taken to ward cff, or diminish, the prob-
lems of the afTected infant. However, traditional
ways of cstimating whether a fetus is growing
normally, based on a comparison of probable
duration of pregnancy with clinically estimated
weight of the fetus, are often little more than edu-
cated guesses. A new method to allow physicians
to accurately gage fetal size uses an ultrasonic
sound device, developed in a General Clinical Re-
scarch Center, which yiclds a three-dimensjonal
“map” of the unborn child. In addition, amnio-
centesis allows a very precise measure of the dura-
tion of the pregnancy. A combination of these
tests enables a physician to determine precisely

‘whether a fetus is of a size appropriate to his age.

If prenatal tests were not conducted, or were
inconclusive, clinical methods are available to
distinguish at the time of birth the intrauterine
growth-retarded newborn from the truc pre-
mature. Charts relating the age at which various
neuromuscular reflexes develop have been pre-
parcd by onc clinical rescarch center and are now
present in most delivery rooms and nurseries in
this country. The true age of a given small new-
born is determined as the age of his typical ncuro-
logical behavior.

The growth-retarded newborn is cxpected to
cxhibit the same patterns of behavior as any other
full-term infant; the premature infant, on the
other hand, should display patterns consistent
with ncurological functions which are not com-
pletely developed and inay yet evolve.

16

The mature behavior of the growth-retarded
infant, as opposed to that of the premature, can
be quite striking. Many premature infants, for
example, have poor sucking and swallowing re-
flexes; fortunately, scientific advances at one
Gencral Clinical Rescarch Center permit such an
infant to be fed through wibes inserted through
the abdominal wall into the stomach, a proce-
dure that has proved sufficient for adcquate nutri-
tion. This support is often not needed by growth-
retarded infants. Instead, many of these infants
weighing less than 3 pounds can be observed
vigorously cnjoying nipple feeding in their
incubators.

One major complication to be anticipated for
the newhorn suffering intrauterine growth re-
lardation is a pathologically low blood sugar
level, known as hypoglycemia. In the normal
sized, full-term infant, large stores of glycogen,
a storage form of sugar, are present in the liver.
This reserve enables the infant to maintain nor-
mal blood sugar levels for rclatively long periods
after birth. The newborn with intrauterine
growth retardation, however, has markedly
depleted his glycogen stores during pregnancy
and stands a-great risk of developing, soon after
birth, such low blood sugar levels that severe
brain damage may result. Prompt injection of
glucose, thercfore, is becoming a common proce-
durc in newborns identified as growth-retarded.

The greatest danger faced by the premature
baby is a respiratory condition known as hyaline
membrane discasc. Marked by progressive col-
lapsc of the thin air sacs which make up the lung,
the ailment causes the lungs to lose their power
to cxpand. As the lungs become increasingly
resistant to the entry of air, they render the pre-
mature baby vulnerable to heart and brain dam-
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age from lack of oxygen. This discase kills an
estimated 25,000 premature infants each vear.

For many years, premature infants were be-
lieved to be free of the symptoms of this discase
until at least 12 howrs after birth, Today, it is
known that subtle signs of impending trouble
show up in the delivery room. A unique grunting
cry, for example, has been identified as being
cmitted by virtually all these infants soon after
birth.

A low-cost enzyme medication, capable of pre-
venting or dissolving the membranes that coat
the lungs in hyaline membranc discase, has
proved cfTective in tests with monkeys. At a Gen-
cral Clinical Research Center, this preventive
medicine is undergoing trials in human infants.
Hopefully, it may help cut the cost of treatment
for each case from $2,000 to $40.

Ounce for ounce, the survival rate of growth-
retarded babies is significantly higher than that
of premature babies. However, growth-retarded
newhorns do sustain a higher incidence of birth
defects than do the “preemics.” Intranterine
growth retardation implics that some factor
limited normal growth during a full-term preg-
nancy; this factor could also be responsibie for an
associated congenital malformation.

A number of cases of intrauterine growth re-
tardation have, in fact, been traced to genctic de-
fects, Sometimes, the defect is caused by arandom
aberration in the chromosomal makeup of the
cells passed to a particular fetus and may affect
no other prenatal germ cells.

To date, however, no genetic or chromosomal
damage has been implicated as a cause of pre-
mature birth. Instead, premature delivery seems

“to be linked cither to obstetrical complications or

to such environmental factors as materal ciga-
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rette smoking, exposure to high altitudes, toxemia
and chronic vascular discase in the mother, or
fetal infection from German measles, syphilis, or
malaria. ("Phese same factors have also been cor-
related with some cases of intranterine growih
retardation. )

One cause of low birth weight in both the pre-
mature and the growth-retarded baby appears to
be poor nutritional status of the mother. This,
however, scems to be more a function of the
mother’s long-term dict before pregnancy than
of her diet during pregnancy. Improving the qual-
ity of an expectant mother’s food intake can help
her unborn baby, but it cannot totaily undo the
chronic nutritional deficiencics of a lifetime.

On the other hand, the mother who was ade-
quately nourished during her own growing-up
years has an excellent chance of delivering a nor-
mal size baby even if she has taken an inadequate
dict during pregnancy. The “old wives' tale™
holds true that the unborn child has a competitive
advantage in taking the nutrients it needs from
the mother—if the mother has an adequate re-
serve of supplics from which the fetus can draw.

No one knows if the low birth weight baby ulti-

mately can reach his inherited potential height,
There is no meaningful association between nor-
mal size at birth and size finally attained at adult-
hood. Scientists do know, ‘however, that the
smaller newhom of a set of identical twins has
usually been on the “short end” of placental sup-
Ply and, therefore, has probably suffered some
degree of placental insufficiency. This smaller
twin rarcly reaches the same size as his sibling.
Many scientists suspect, therefore, that during cer-
tain critical periods of growth—both during and
after pregnancy—damage to the full potential
of growth may be irreversible.




. The Childhood Years
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During the past [ew years scientists have started
detailing the interplay between genetics, nutri-
tion, emotions, illness, and time . . . exploring
the way these [actors act, sometimes singly, but
more often in concenrt, to affect not only an indi-
vidual’s growth, but also his health, [or better
or [or worse. New research techniques are pro-
viding insight into how healthy growth proceeds,
what enhances it, and why boys and girls, from
birth, display markedly different patterns.

Scicntists are discovering that children through-
out the world tend to show remarkably similar
capacitics for growth. Nursing infants in devel-
oping nations follow much the same pattern of
growth as that considered normal for infants in
the United States. The likelihood is that while
cach child proceeds to adulthood at his own pace,
normal growth before puberty is dependent more
on the life a child leads than upon the genes with
which he is endowed.

The average, full-term male infant weighs 8
pounds and measures 20 inches. Some weight loss
follows birth. Growth then becomes so rapid that
he will probably weight 14 pounds and measure
25 inches by the age of 4 months. :

After the 4th month; growth starts to slow
down. Height now becomes more important than
weight in cvaluating the health of the growing
child. When he celebrates his first birthday, the
average boy should have grown to a height of
30 inches.

By the time he is 2, a child’s growth begins to

reflect some genetic influence. The average
healthy boy then measures about 35 irrhes and

will have reached approximately half his adult
height. On his third birthday, he is closc to 38
inches. His growth rate then starts to level off,
and for the next 9 years, he will grow at the rela-
tively constant ratc of only 2 inches a vear.

In marked contrast to the dramatic and rapid
changes that occur during the pre- and carly
postnatal periods, growth during the later child-
hood years is slowly progressive, and derange-
ments may be subtle. Probably onc of the
simplest gages of a child’s health status is whether
he is adding inches and pounds according to ac-
cepted timetables of normal growth. The first
indication that something is amiss with a child’s
health may be the fall of his growth curve below
the third percentile for normal children. This
voungster is probably suffering a period of de-
pressed growth that should be investigated and its
causc corrected. :

Increase in height is duc to progressive growth
of bonc. As noted carlier, development of the
skeleton is quitc incomplete at birth, and it con-
tinues to undergo many changes throughout
childhood. Most primary centers of ossification,
for example, develop after birth; some do not
make their appearance until adolescence. Epiph-
yses normally are not completely closed until the
end of adolescence.

Many investigators discuss human growth in
terms of two ages: chronological age, timed from
the date of birth, and biological age, a measure
of the degree of physical maturity of the individ-
ual, determined by equating his degree of maturity
with the average age at which that degree of ma-
turity normally becomes manifest. X-rays of the
bones are most often used to determine the bio-
logical age of children. The greater the number of
ceniers of ossification present on X-ray, and the
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greater the degree of cpiphyseal closure, the
greater is the biological age of the child—regard-
less of his actual chronological age. Biological age,
as measured by reference to X-ray of bones, is
often referred to as bone age.

Bone X-rays have helped establish, for example,
that skeletal maturation in a girl on the day of
birth is one month ahead of that of her twin
brother. The female, therefore, comes into life
a biologically older, more highly developec orga-
nism. It will take the male close to 20 years to
catch up.

Mecasures of height, weight, and bone age have
served as the traditional bases of growth studies.
Scientists now, however, arc secking increasingly
specialized techniques by which human growth
may be analyzed. Enlargement of the human or-
ganism is basically the resultof a myriad of chemi-
cal reactions, some of which can be measured in
a short period of time by new biochemical tech-
niques. Researchers at General Clinical Rescarch
Centers and other facilitics, therefore, are now
investigating individual components of growth at
the tissue, cellular, and cven molecular levels.

At some General Clinical Research Centers,
everything the rescarch subjects cat, drink, or
climinate is carcfully measured for weight, chemi-
cal composition, and caloric value. In fact, the
child who enters the bathroom without telling the
nursc is interrupted by an alarm system; this pre-
vents the loss of waste materials which must be

carcfully analyzed as part of precise metabolic
studies,
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For almost three-quarters of a cenurs, scien-
tists believed that growth after birth was due
solely to an increase in the size of hody cells, Now
General Clinical Research Center investigators,
in a new application of older knowledge, have
shown that specialized cells also increase in num-
ber for many vears after birth. For example,
scientists have known for two decades that DNA
is present in precisely equal quantitics in the
nuclei of all body cells and that the amount in
cach cell is constant throughout life. Therefore,
front the total amount of DNA contained in a
weighed muscle biopsy specimen, the number
of cells constituting the specimen can be deter-
mined. Since the total weight of the specimen is
known, the weight and size of cach constituent
cell is casily calculated. Serial repeats of such
biopsics over a number of vears, coupled with
repeated measurement of total body muscle mass,
allow investigators to calculate whether changes
in muscle cell number or size have occurred.

An carly conclusion drawn from such cellular
analyses is that while bone maturation is an index
of biological age, the number of muscle cells in
the body correlates more closely with chronologi-
cal age—and is related to the sex of the child.
Boys and girls are probably born with the same
number and size of muscle cells. By 3 weeks of
age, however, the male child already has more,
and larger, muscle cells than the female.

When she is 10, the girl will have undergone
a fivefold increase in the number of her muscle
cells; from this age, little further increase occurs
in cither her muscle cell size or number. In con-
trast, a boy's muscle cells continue to multiply
until, at 18 years of age, he has 14 times as many
muscle cells as he did at birth. (A tall 18-year-
old boy may have 20 times more muscle- cells. )
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While muscle cell replication ceases at this age,
some cvidence exists that the muscle cells of the
boy will continue to enlarge in size for another
5 vears. '

Once muscle cells stop growing, gross enlarge-
ment of muscle is due to an increasc in the diam-
cter of the fibrils contained inside the muscle
cells. This is often brought about by conscious
exercise, such as that designed to enlarge the
biceps, or by the unconscious but physiological
cfTort of a muscle to sustain a greater body func-
tion. This latter phenomenon can occur in the
heart of an athlete; the fibrils of his heart may
grow in size to help handle an increased work-
load.

Scientists have also discovered that, right from
the beginning, a girl will have a greater percent-
age of fauy tissue, increasing in greater propor-
tional amounts as she grows, than the boy of
cqual age and size. Because she has these fatty
tissue reserves, a girl’s external requircments for
maintaining her weight arc less than her brother’s,
and her caloric needs throughout life will be,
pound for pound, less than his. '

In almost every respect, the physical dévelop-
ment of the female is more stable than that of the
male. Not only is she biologically more mature,
as measured by bone X-rays, but when sister and
brother are exposed to the same growth-retarding
condition, the girl tends to show less damage, The
growth-retarded boy, on the other hand, reacts
more favorably to an improvement in the con-
dition causing his growth lag, possibly because
he has more catch-up growth to accomplish.
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Lach successive generation in most of the in-
dustrialized world has been growing taller than
the generation preceding it. On an averagc,
voung adults of today measure 1 inch more than
parents and 2 inches more than their grandpar-
ents. Males, moreover, are increasing in adult
height more rapidly than females. Many re-
searchers helieve these height gains can be attrib-
uted to better medical care and nutrition . . .
and that the more rapid rate of increase in the
male indicates how quickly his growth can re-
spond to better times,

Will people keep growing taller and taller?
No onc knows. But scientists co suspect that the
increase is leveling off and that, once they com-
plete growth, today’s healthy and well-nourished
hoys and girls will have reached the maximum
height allowed by the human genetic potential.
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Effects of Nutrition

A concern of scientists for over a century has
been the identification of [oods essential to
growth. Today, they are working to define those
[oods that best prevent or cure childhood growth
disorders stemming [rom malnutrition. Nutrition-
isls are also looking into the possibility that the
growth differences between boys and girls may
require that the two sexes be pul on different
diets right [rom birth. And in the [uture lies yel
another horizon: definition of the [oods that re-
sull in optimal—and not necessarily maximal—
body development throughout life.

As the relationship between nutrition and
growth becomes understood in a more sophisti-
cated way, the failure of a child to adhere to uni-
versal patterns of growth is not so readily ascribed,
as in the past, to genctic predisposition. Instead,
such deviations are being interpreted as possible
signs of undermutrition or overnutrition that can
be prevented and possibly cured.

Scientists know that at lcast 45 nutrients arc
basic to the maintenance of healthy growth. Lack
of these nutrients over a period of time may de-
press appetite, encourage discase, and thus retard
childhood growth. Conversely, the child whose
growth rate is too slow from nonnutritional
causes may also have a small appetite and de-
creased resistance to disease. Despite this cycle of
contributing factors, precise methods of cell
counting and analyzing body composition have
led rescarchers to conclude that only two clements
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of diet—protcin and caloric content—are of pre-
cminent importance to normal growth,

Milk produced by an adequately nourished
mother—or that provided in aspecially prescribed
milk formula—contains, in appropriate quan-
tities, all protein and calories required for an in-
fant to grow normally. Even the milk of the
poorly nourished nursing mother, often deficient
in volume and vitamin supply, can provide an in-
fant with the basic nutrients required in his very |
carly growth period. '

As the child decreases his milk intake and turns
to solid foods, a daily dict containing a sufficient
and varied quantity of foods from the four basic
groups, 1) meat, poultry, fish, and cggs; 2) vege-
tables and fruit; 3) milk and milk products; and
4) cnriched breads and cercal, provides proper
proteins and sufficient calorics to allow continu-
ing growth. Such a balanced diet will also help
build up the large store of nutrients essential for
the accclerated growth demands that will be pre-
cipitated later by puberty and, in the female by
childbearing. For the pregnant leenager, a whole-
some nutritional background is of special im-
portance; the expectant mother who is young and
still growing must meet her own dictary growth
needs at the same time she is providing cssential
nutrients to her growing fetus.

Calories have been implicated in cell multipli-
cation. Protcin, on the other hand, may be related
primarily to the ability of cells to enlarge. Scien-
tists are beginning to suspect that failure of cells
to reccive sufficient proteins and calorics during
certain periods of body growth may lead to slow-
ing down and, ultimatcly, to cessation of the
ability of the cells to enlarge, divide, and develop
specialized functions.
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The child deprived of too many calories may
never attain a normal complement of cells. Lack

of suficient protcin may mhibit the size of his ‘

cells. Indeed, in some arcas of the world where
protein deficiency is widespread, many children
have remarkably small cells for their ages.

On the other hand, the increase in the size of
children, gencration after gencration, in the more
developed nations of the world, may well be due
to improved nutrition. Japanese children born
after World War II are consuming a dict richer
in protein by 20 percent. When they reach school,
these children can no longer fit into the school
desks used by their parents.

Proteins are large molecules in which various
amino acids, the basic building blocks of life, arc
linkedd together in long, precise sequences. An
adult needs to cat protceins that contain only cight
amino acids, called the essential amino acids. A
child nceds a diet with a ninth amino acid,
histidine.

Utilizing the amino acids in the proteins they
cat, both normal adults and children go on to
manufacture additional amino acids. The result-
ing 23 amino acids - -made up from both ingested
and manufactured’ precursors—are then re-
grouped chemically in the body, through a process
known as protein synthesis, into the various pro-
teins needed for specialized functions in the body.
DNA in the cell nucleus dictates which of the
many possible specific chains of amino acids will

bemanufactured by a given cell.

A new study has disclosed that a premature
baby may lack the ability to manufacture cystinc,
an amino acid not required in the diet of full-
term babics. One treatment method now being

considered is to give human milk to the bottle-fed
premature baby; unlike cow’s milk, human milk
has a high cystine content. Another possibility is
to add cystine to infant formulas. These feeding
mecthods may prove to be the desired dictary regi-
men for the non-nursing premature baby until
he develops the natural ability to convert some
of the amino acids he cats into cystine,

The deficiency of manufactured cystine in
many premature infants may explain why they
are morc prone later to develop short height and
mental deficiency than are full-term infants, In-
decd, in onc inherited illness, a child is never able
to develop the capacity to derive cystine from
other amino acids. This ailment, homocystinuria,
nsually results in a similar pattern of disordered
growth accompanied by mental retardation.

The most common nutritional deficiency in the
world caused by a chronic lack of protein in the
dict is kwashiorkor. Originally identified in
Ghana in 1960, kwashiorkor is now known o be
rampant in most developing nations. Children
with this discase sufTer severe growth retandation,
vulnerability to illness, swelling of the abdomen
with water, and- marked apathy. Kwashiorkor
patients lose so much responsiveness o events
around them that the treated voungster who

cventually smiles is considered to be on the road
to recovery.
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Growth is work, and calories are the units of
energy that fuel it. Carbohydrates and fat calories
are the most readily available to supply the body’s
energy needs, but protein as well can be burned
for energy. If excess calories are caten, a few of
the unused ones are converted to glycogen, and
the remainder are stored as fat.

If insufficient calories are eaten, the body will
first usc up its caloric stores o meet its cnergy
needs. Then it will begin to devour itself by con-
suming structural protcin. During the years of
childhood growth, extreme deprivation of calorics
results in marasmus, a condition marked by ex-
treme wasting, emaciation, and starvation of body
tissucs.

In developing nations, an estimated 300 mil-
lion children suffer from marasmus, kwashiorkor,
or a combination of both. Both discases are
usually precipitated by the weaning process and
the withdrawal from the infant of his near ade-
quate nutrition. After the mother ceases to nurse
her infant, the baby’s life is marked by recurrent
diarrheal infections from usthygienically prepared
foods. He is also affected by the inability of his
poverty-stricken mother to find fruits, vegetables,
grain, and cdible underground shoots that might
make up an adequate dict. This interaction be-
tween infectious discase and malnutrition is the
primary reason why deaths in the 1-to-4-year-uld
group are 50 to 6O times greater in developing
regions of the world than in the United States.

- (9]
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Fortunately, new biochemical methods for
determining the nature and extent of protein and
caloric deficiencies are leading to new kinds of
nutrition therapics. Some cases of kwashiorkor,
for example, may now he prevented by the use of
newly developed protein foods niade from cotton-
sced flour or other vegetable sources; they are
usually less expensive and more readily available
than animal protein.

The greater his degree of malnutrition, the
higher the caloric intake a child needs in order to
grow at a satisfactory pace. This appears to hold
truc regardless of whether the malnutrition was
duc primarily to deficiency of calories or of
protein.

The traditional therapy of children who have
already undergone the rigors of severe protein
and caloric malnutrition has been a high-protcin
dict. Studies show, however, that after the first
few days on such dicts, malnourished children
react as do other growing children who reccive
insufficient calorics. Their bodies use the protcin
for energy rather than for growth, and growth
remains retarded.

Recently, a numberof marasmic and kwashior-
kor children have shown significant benefit from
@ new kind of dict which is only minimally ade-
quate in protein but very high in calories. Chil-
dren treated on the new diet usually achieve the

~ proper weight for their height in 8 weeks and are

then strong cnough to leave the hospital. As the
dict is maintained at home, the treated child con-
tinues to grow taller until his height is cqual to
that of his “normal” siblings. However, they are
probably shorter than they should be as a result
of their own share of inadequate diets.
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Youngsters treated with the minimal protein,
high-calorie diet have also been shown to have
better long-term resistance to discase and to have
less recurrence of severe malnutrition at home.
They were contrasted to malnourished children
whose long-term hospital therapy stressed high
protein intake. :

Until recently, severe malnutrition among chil-
dren was thought to exist only outside the borders
of the United States. No truly reliable count exists
of the number of people in this nation who suffer
primary malnutrition, due to inadequate diet.
However, the first comprehensive survey of the
nutritionai status of the lowest cconomic quarter
of the U.S. population is currently being con-
ducted by the nutrition program of the Depart-
ment of Health, Education, and Welfare.
Surprisingly, the program is documenting that
protcin and caloric deficiency does exist in this
country, sometimes in marked degree. This is par-
ticularly true among children in poverty areas
on Indian reservations, in Appalachia, in the
Southeast, and in large city ghettos. Studics show
that the average height of poorly nourished Amer-
ican children in the 1-to-6 age group is from
5 to 15 percent lower than that of their well
nourished contemporaries.

An alarming finding is that many children in
the United States even suffer kwashiorkor or
marasmus.  Because low-income American
mothers scldom breast feed, their children are
often denied the initial period of near normal
growth cnjoyed by children nursed by mothers
in cven the poorest of countries. Marasmus or
kwashiorkor, superimposed upon this early de-
ficiency, may prove to be even more detrimental
to affccted children in the United States than
to those in nations where the discases are endemic.

452-280 0 - 72 - 4

Few American youngsters starve to death. Yet,
there is justifiable concern over the long-term
hazards of their nutritional deficiencies. A few
years ago, many studics suggested that even after
the causal nutritional deficiencies were corrected,
children with helow-normal head size, height,
and intelligence, incurred between the ages of
2 and 7. might never sufficiently catch up.
Some scientists estimated that the brain cell count
in nutritionally deprived children might’ he 20
percent below normal when adulthood was
reached. (A number of other studies indicated jr-
reparable damage in the brains of voung farm
animals deprived of protein.)

New head size studies of older children whose
dictary deficits were corrected, however, show
that some of the original head measures were
in error. Latest figures reveal that head size (and
presumably brain size) frequently does increase
in proportion to the catchup height heing attained
by treated children. A number of growth experts,
therefore, today believe that the neurological im-
pairments scen in some undernourished children
arc caused not by faulty dict but rather by the
debilitating emotional conditions under which
many of these children are raised.
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Current scientific opinion is that nutritional
deprivation incurred hefore 4 months of life can
often he specdily and pcermanently remedied by
a proper diet. After the child is 4 months of age,

.the more severe the malnutrition and the carlier

it occurs, the more marked, and perhaps perma-
nent, appear to be the adverse effects produced
on any system in the body (including the nervous
system). Indeed, in one study of the effects of
dict on the intclligence of American youngsters,
the only subjects who showed normal IQ’s at
age 3% were thosc whose malnutrition was ar-
rested before they were 4 months old.

However, much more work remains to be done
to determinc precisely how mental deficiencics,
as well as impaircd height and weight, arc in-
curred in malnourished children, and whether
and when the defects become permanent.

In contrast to studies hinting at possible ir-
reparable damage inflicted by under-feeding of
children, new cell-counting techniques paradox-
ically also indicate that about 8 percent of young-
sters in affluent nations arc being overfed.

Obesity in many children has origin in infancy.
Since infants tend to regulate their food intake
by volume rather than by nutritional content,
they often consume inordinate quantities of for-
mulas highly concentrated in calories and protein.
Onc theory is that this unconscious gluttony may
stimulate into cxistence excessive numbers of fat
storage cells and, thereby, trigger in many infants
a genetic predisposition to overweight that can
plague them throughout adult life.

Once a fat cell is stimulated into existence by
excess caloric intake in infancy, it is possible that
ucither time nor-dict can make that cell disappcar.
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Some scientists belicve that a fat cell can shrink
only in size, leaving that ccll lurking in wait for
the extra fat that can fill it again. Other rescarch-
ers believe that just as fat cells can “come,” so
it is possible that weight loss can make them “go.”

Scicntists at a General Clinical Research Center
have already identified one group of overweight
boys who weigh at least half again the optimum
for their age. In them, gross overweight is cor-
related with infant overnutrition, advanced bone
age, larger skeletal size, minimal physical activity,
and three times the normal number of fat cells.

General Clinical Research Center studies have
also shown that obese adults of both sexes have
excess fat cells. However, they have also shown
that whereas young obese boys have too many
fat cells, young girls do not. As there is a possible
correlation between coronary artery disease and
long-term burdens imposed on hearts pumping
blood through excess fatty tissue, such basic stud-
ics as these, in children, may cventually provide
researchers the essential clues to discover why
heart ailments arc more common in men than
in women,

Today, the important rclationship between nu-
trition and growth has begun to assume its right-
ful place in- the diagnosis of growth problems.
Scientists conducting indepth investigations of
rates that are cither too slow or fast now consider
under- or over-nutrition as onc of the major prob-
able causes of deviation from the normal,

<8
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Effects of Hormones

Interaction of the hormones produced by the
various endocrine glands in the body constitutes
an important chemical control system for major
body activities. Derangement in secretion or activ-
ity of a single hormone can produce serious dis-
ruption of this interlocking system and adversely
affect growth in many ways. New measurement
techniques are today allowing investigalors to
study the actions and interactions of hormones
with greater precision than ever before and, from
such research, to develop more effective methods
of treatment for paticnls with severe hormonal
disorders.

The biochemical analysis of hormones was
revolutionized in the 1960’ by the devclopment
of radioimmunoassay—a laboratory test that can
measure in hody fluids one thousandth the amount
of a hormonc previously detectable. This complex
technique makes usc of the precisc spccificity of
antibodies devcloped to the hormones being
measurcd and of the ability to attach radioactive
labels to these antibodies such that they may be
followed accurately through a scries of chemical
reactions. The potential of this technique in the
study of basic hormonc chemistry cannot be over-
cstimated. A measure of its considered importance
within the scivntific community is the fact that
radioimmunoassays have been or are in the
process of being developed for practically cvery
known hormone in man.

Although synchronized activity of all hormones
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in the body is necessary for appropriate patterns
of growth, human growth hormone (HGH) and
insulin are the two presently considered as funda-
mental to normal growth processes.

Growth hormone is sccreted by the pituitary
gland—a pea-sized organ attached by a stalk of
nervous tissue to the base of the brain. HGH has
been identified in fetal blood as carly as 15 weeks
after conception. So far as is known, it continucs
to be produced by the pituitary throughout life.
Radioimmunoassay has demonstrated that, in the
normal individual, HGH is released in bursts of
intermittent activity, Scientists at one General
Clinical Rescarch Center have shown, for the first
time, that peak HGH release occurs between 60
and 90 minutes after the onsct of nocturnal
sleep.

The growth-promoting activity of HGH was
the first characterized, and from this activity, the
hormone was named. However, evidence is
accumulating that HGH in fact serves as an over-
all regulator of many metabolic processes in the
body and that its influence on growth is only the
result of these scparate activities. For example,
radioimmunoassay studies have confirmed that
the relcase of HGH into the blood stream is
promptly and massively stimulated by a fall of
blood sugar levels. "This and other studies indi-
cate, therefore, that growth hormone may be fun-
damental to the use of caloric cnergy in the body
and, therchy, may exert control over the way cells
multiply in number. (Since HGH may be impli-
cated in the multiplication of cells, rescarch on
its biochemical activity may in time open an
approach toward the study, and possible cure, of
canccr. )

Insulin traditionally has bcen assigned the
restricted role of promoting the transfer of sugar
from the blood stream into the cells, where its
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cnergy can be utilized to drive body activities.
Diabetes, in which insulin is deficient, is charac-
terized by the unavailability to cells of the cnergy
of sugar, despite its presence in the blood stream
in pathologically clevated amounts. However,
insulin too is beginning to be assigned a larger
role in the human growth process.

Before insulin injections were available as
treatment, many juvenile diabetics who survived
to adulthood were of remarkably short stature and
were known as “diabetic dwarfs.” Therefore, in
addition to its cffect on sugar metabolism, insulin
may have i, profound cffect on protein synthesis,
the process involving manufacture and buildup
of protein molecules within the body. This effect,
in turn, could have great significance in the regu-
lation of the size of cells in the growing human
and, ultimately, of the overall size of the adult
body.

In addition to increasing our fundamental

. knowledge of the growth process, study of insulin’s

effect on growth may also provide an understand-
ing of why the pancreatic cells of some growth-
retarded children fail tosccrete insulin effectively,
and why severcly malnourished children often
have remarkably small cclls for their age.

Gross defects in human growth hormone secre-
tion have long been recognized clinically by the
disordered growth patterns they produce. Con-
genital undersccretion of HGH gives rise to hypo-
pituitary dwarfism. The most important develop-
mental characteristic of the hypopituitary dwarf
is that while he usually is normal size at birth, and
may grow normatly for the first 2 or 3 years of
life, he rarely grows more than 1% inches a year
after the age of threc. His growth, hnwever, is
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proportionate, and there are no dcforming or
unusual features. Intelligence is unaffected, and
appetite is normal for size.

Because of the interaction between HGH,
insulin, and blood sugar levels, the hypopituitary
dwarf can be exquisitely vulnerable to insulin.
Since its effect is not opposed by the contrary
action of HGH, a very minimal injection of
insulin in these patients can produce a profound
fall in blood sugar.

Radioimmunoassay tests have indicated that
deficient production of growth hormone in hy-
popituitary dwarfs may actually begin in the
first few months of life. Inn some instances, the
insufficiency stems from a tumor in, or an injury
to, the pituitary gland. In most cases, however,
the reason for the low HGH production by the
pituitary is completely unknown. Also unknown
is why hypopituitary dwarfism is twice as
comnion arnong hoys as among girls and why it is
frequently accompanied by delayed sexual
maturation.

In the late 1950, scientists discovered that
injections of growth hormone extracted from
monkey pituitary glands increased the rate of
growth of hypopituitary dwarfs. The amount of
the hormone obtainable from monkey pituitaries
was, however, so minute that @ method was de-
veloped to sccure the larger amounts available
in the pituitary glands of human cadavers.

The best test of the cffectiveness of HGH
injections is the fact that growth during therapy
increases to two to three times the rate before
treatment. Typically, the child grows 2 to 3
inches in the first few months of therapy. Within
the first year, a total growth of 3 to 5 inches gen-
crally takes place.
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Since 1958, human growth hormone has heen
used in the treatment of an estimated 2,000 hypo-
pituitary dwarfs, most of them as part of rescarch
protacols in General Clinical Rescarch Centers.
Thus far, the most common adverse reaction
reported has been “the pain of the shot.”

The degree and duration of responsiveness to
HGH administration, however, are variable.
Blood tests reveal that three-fourths of all treated
patients  develop antibodies to  administered
HGH. This antibody formation markedly re-
duces the growth stimulation of the injected hor-
mone. In some instances of extreme antibody
reaction, patients develop a treatment insensitiv-
ity which causes them to stop growing entirely.
Unfortunately, in onc out of cvery 10 to 20
paticnts, resistance to the injected hormone re-
sults in a complete halt to growth long before the
desired increase has been attained.

Each weck of treatment for the average hypo-
pituitary child requires the hormone extracted
from two human pituitary glands. At present,
only onc-tenth of the human growth hormone
nceded for both research and treatment is avail-
able in this country. Sincc only 10-15 percent
of all dwarfism is caused by a lack of HGH, the
small hypopituitary group is the only logical one
for hormone replacement therapy. The radio-
immunoassay test has replaced the crude meas-
ures previously used to determine HGH blood
level. In addition to enabling positive icentifica-
tion of the disorder so that precious supplics of
HGH might be conserved, the sensitivity of this
test also allows clinicians to make the diagnosis
of hypopituitary dwarfism, and initiatc trcatment,
long before retarded growth has progressed to
the point that the condition is clearly apparent
but irreversible.
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HGH supplies remain in such scarcity that
priority for treatment is highest in the older child
whose cpiphyses are near closure; once cpiphyses
arce closed, growth cannot be resumed by any
known means. Also, in order that the limited sup-
ply of HGH may he allocated to the maximum
number of patients, therapy must usually he dis-
continued once a child is brought up to the
height of 5 fect.

In 1963, as part of an cffort to secure larger
quantitics of HGH for rescarch and treatment,
the College of American Pathologists and the
National Institute of Arthritis and Metabolic
Discases of the National Institutes of Health
established the National Pituitary Agency. Pitui-
tary glands can be willed to this organization. In
addition, the Agency is part of i cooperative proj-
cct, in which many General Clinical Rescarch
Centers arc included, that is attempting to define
the most ecconomical and effective dosage schedule
of HGH. Finallv, a scarch has been launched for
another growth hormone preparation which
cither can resist antibody formation or which,
for whatever reason, does not have a waning cffect
on growth.
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One of the studics showing promise at a Gen-
cral Clinical Research Center is the use of human
placental lactogen as an HGH substitute. This
hormone, manufactured normally by the placenta
during pregnancy, may have a growth hormone
cffect on the growing fetus and, therefore, may
be a useful preparation to administer to children
of short stature. At present, however, the process
of refining human placental lactogen remains too
cxpensive and time consuming to allow its use as
a practical alternative to HGH for therapy.

Another line ol rescarch derives from the fact
that growth hormone removed from human ca-
davers is an extremely large protein molecule.
That portion wherein the growth-stimulating ac-
tivity is located—the active site—likely constitutes
only a small portion of the cntire molccule. If this
active site can be identified and its structure ana-
lyzed, its relatively small size should make possible
the manufacture in the laboratory of a synthetic
growth stimulator in quantitics sufficient to trcat
all deficient children.

In fact, an initial effort to isolate thissite chemi-
cally has recently proved successful. The synthe-
sized protein contains 188 amino acids. Although
it is only a small portion of the complete HGH
molecule, its synthesis is onc of the most com-
plex achicvements to date in protcin chemistry.

The protein at present is only 10 percent as ac-
tive as human growth hormone; thercfore, the
process of analysis and synthesis must be further
refined hefore a compound sufficiently potent for
paticnt therapy can be made. However, when that
day comes, pediatricians may be dispensing a
growth hormone to hypopituitary dwarfs as
rcadily as they now provide insulin to young
diabetics.
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Decficiency in HGH during the period of child-
hood growth is but onc of the defects which may
be associated with the hormone. Giantism and
acromegaly, both extremely rare disorders, result
from excess secretion by the pituitary of 2 to
10 times the normal amounts of growth hormone.

If excess secretion of HGH occurs during child-
hood or puberty, when the epiphyses are open and
bone growth can still occur, its overabundance
causes the long bones to undergo cnormous size
increases, and giantism results. Acromegaly, on
the other hand, occurs when excessive HGH se-
cretion begins only after the epiphyses are closed.
In this disorder, since no further growth in the
length of long bones can occur, the overgrowth
produced is disproportionate; a patient’s height
may remain the same, but there can be grotesque
increase in size of fingers, toes, forchead, jaw, and
intcrnal organs.

Usually, both patients with acromegaly and
patients with giantism have markedly clevated
sccretions of insulin. As insulin tendr to decrease
blood sugar levels and humar: growth hormone
tends to clevate them, this hypersecretion of in-
sulin is probably a physiologic compensation by
the body to maintain blood sugar at normal levels
in face of the tendency of the excess HGH to cle-
vate them. Frequently, over time, the ability of
the pancreas to scerete insulin is exhausted, and
the patient develops clinical diabetes.
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As in so many arcas of endocrinological re-
search and treatment, the radicimmunoassay
mcthod to measure hormone levels has dramati-
cally improved the outlook for potential giants
and acromegalics. The effective treatment for
cither condition is the removal of the pituitary
surgically or its destruction by radiation; how-
ever, all excess growth which has occurred prior
to the time of pituitary ablation is permanent and
cannot be reversed. Since radioimmunoassay
allows physicians to detect pathologic hypersecre-
tion of growth hormone very carly, both discases
may now be diagnosed and treatmient instituted
long before bedy growth has hecome obviously,
and irreversibly, distorted.

In addition to growth hormone, the pituitary
gland sccretes other hormones which are indirectly
related to growth. These trophic, or sustaining,
hormones control the sccretion of other hormones
more dircctly involved in human growth, The
trophic hormones are thyrotrophin (which stiniu-
lates the thyroid gland to secrete thyroxine), the
adrenocorticotrophic hormone, ACTH (which
stimulates secretion of steroid hormones by the
cortex of the adrenal glands), and the gonado-
trophins (which control production of sex hor-
moncs from the ovaries and testes).

There is a feedback mechanism by which each
of the hormones stimulated in turn regulates the
release of its own trophic hormonc. The stinu.
lated hormoncs first act on the hypothalamus,
the area at the basc of the brain to which the
pituitary stalk is attached. The hypothalamus in

turn releases chemical substances which flow
through specialized veins to the pituitary gland
and which inhibit or stimulate the release by it
of trophic hormones,

Thyroxine, produced by the thyroid gland (a
mass of endocrine tisuc located in front of the
windpipe), was one of the first hormones to be
identified as important in growth regulation.
Thyroxine alone is not capable of producing nor-
mal growth; however, its presence is essential
for normal growth to occur. Some hypopituitary
dwarfs lack sufficient quantities of both thyroxine
and human growth hormone. They will grow only
if thyroxinc is administered concomitant with
HGH.

As opposed to growth hormonc dcficiency,
which produces proportionate short stature and
no loss of intellect, thyroxine lack during the
growth years can result in stunted growth in
which bonc development is disproportionate and
mental capacity almost invariably defective.

The disorder can start during the prenatal
period. If fetal thyroid tissue develops inade-
quately during pregnancy, the affected newborn
may be severely retarded both intellectually and
physically. Although such congenitally deficient
children, known as cretins, have a good chance
of attaining normal staturc if thyroid therapy is
instituted at the time of birth, only a small hum-
ber arc cver able to attain normal mental
capacity.
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Today, a pregnant woman who is expected
to give birth to a cretinous child is given massive
doses of one of the thyroid hormones. Because
of concentration effect, some of the hormone
passes through the placenta and permits the fetus
to develojs normally. After birth, for normal
growth to cecur, the child must continue to re-
ceive the hormone throughout life.

A deficiency of thyroxine, which begins at any
time after birth, is known as hypothyroidism. For
unknown reasons, a growing child with hypo-
thyroidism has excessively large cells and, there-
fore, a reduced number of cells for his body size.
He grows at one-half the normal rate, and if
the condition remains untreated, he can develop
all the symptoms of cretinism, In an affected
child, thyroxine treatment restores cell size to nor-
mal and increases growth to three times the pre-
treatment rate until his size again approximates
that normal for this age.

Cortisone, a steroid hormone put out by the
cortex of the adrenal glands, is essential to a num-
ber of physiologic functions. It requires pituitary
adrenocorticotrophic hormone (ACTH) for its
secretion. Since hypopituitary dwarfs also tend to
have low levels of ACTH, both cortisone and
HGH must sometimes be administered to them.

Unfortunately, the dominant effects on growth
of cortisone oppose those of HGH. For example,
children who secrete normal amounts of HGH
but for various reasons require cortisone therapy
frequently experience slowdowns in growth. Con-
sequently, investigators at a number of General
Clinical Research Centers in recent years have
traced the lack of therapeutic response to HGH
seen in some hypopituitary dwarfs to the com-
petitive activity of concurrently administered cor-
tisone. When thé cortisone regimen is eliminated
or, if essential, its dosage schedule optimally ad-
justed, these patients immediately spurt in growth.

The male hormones (androgens), of which
testosterone is the one best characterized, are ex-
creted by the testes. The female hormones,
estrogen and progesterone, are secreted by the
ovaries. However, in both sexes both female hor-
mones and androgens are also excreted in rela-
tively small, appropriately different amounts by
the cortex of the adrenal glands.

The output of adrenal androgens in boys and
girls is radically increased during puberty, when
the adrenal glands become unusually responsive
to ACTH. Recent scientific information indicates
that the increased androgens initiate the growth
spurt preceding adulthood, help prepare the body
for its adult reproductive function, and stimulate,
in concert with other hormones, the closure of
the epiphyses. Therefore, although androgens
stimulate the adolescent growth spurt through
their action on epiphyses, they also promote the
process by which bone growth is terminated, The
final stature attained by a young adult is in part
the resultant of these two conflicting activities.
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Two remaining hormones are of particular sig-
nificance in the growth of human beings—cal-
citonin and parathormone. Calcitonin, a recently
discovered hormone, is a regulator of calcium
and is excreted by the thyroid gland. Current
opinion holds that calcitonin production is stimu-
lated by an increase in calcium levels in the
blood. The hormone, in turn, promotes the uptake
by bone of calcium and thercby leads to reduc-
tion of blood calcium levels tonormal.

Parathormone is excreted by the parathyroids,
tiny glands imbedded in the thyroid gland. Para-
thormone excretion is stimulated by a fall of
blood calcium levels. Through a number of mech-
anisms, onc of which is the promotion of cal-
cium flow from bone into the blood stream, it
acts to increase blood calcium levels to normal.

The two hormones, although derived from
different glands, together function as an cx-
quisitely sensitive control, mechanism to maintain
blood calcium levels within closely defined normal
limits. Their principal importance to human
growth scems to be thcir influence on the miner-
alization of bone. Derangement in secretion of
cither can have profound cffects upon the devel-
opment of hone and, therchy, on the entire growth
process.

Of curious interest is the fact that of all the
many hormones which are important in the regu-
lation of human growth, calcitonin and para-
thormone are the only two, so far as is known,

which are not under the direct control of the .

pituitary gland.
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Effects of Illness

Steady continuous growth during childhood re-
quires careful synchrony of body activities and
efficient utilization of energy available. Any ill-
ness which disrupts this synchrony or which di-
verls excessive energy to itself will likely disrupt
or retard normal growth processes. Study of the
relationship between illness and growth is of par-
ticular importance in that many growth disturb-
ances evolve so slowly they are unapparent clini-
cally, or even on X-ray, until the stage at which
irreversible damage has occurred. C onversely, an
observable growth deformity may be the first, and
sometimes the only, sign of a number of underly-
ing causes which, if not detected and overcome,
may have adverse effects far more serious than
the growth disruptions they produce.

The entire physiology of the child is built
around the growth process. Unless a health prob-
lem intervences to block his inherent tendency to
§row, a youngster rarcly stops working to achicve
appropriate increases in height and weight; how-
ever, investigators remain mystified as to how

. many discases produce their detrimental effect.

Séme disorders slow proportion ately the entire
growth process. Congenital deficiency of human
growth hormone produces a form of dwarfism
in which a normally proportioned small adult
results. Other disorders affect only one component
of growth, making it disharmonious. For exam-
Ple, desultory inflammation of cpiphyses can pre-
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maturely fusc the growing ends of bones and
shorten permanently onc or more affected limbs.

Many illnesses produce adverse cffects on
growth by compromising the ability of the body
to function at peak health. A common example is
sccondary malnutrition, in which an intestinal
obstruction or ccllular anomaly interferes with
the proper absorption and use of food. '

Fiftcen years ago, there were few remedies for
secondary malnutrition. Medical rescarch has
since progressed to the point that restoration of
adequate nutrition in affected children is now the
rule rather than the exception.

Onc specific form of sccondary malnutrition
for which therapy is available is found in those
infants who lack a digestive cnzyme nceded to
convert the sugar in cow’s milk to a kind that can
be absorbed. This condition exists in 70 percent
of American Negroes. In adults, of course, the
enzyme dcficiency is annoying but not life- or
growth-threatening. However, since cow’s milk
is virtually the entire dict of most newborns in
the United States, infants lacking the cnzyme
frequently suffer severe diarrhea, intense discom-
fort, and pronounced growth retardation. In more
scvere cases, the infant may dic. Scientific investi-
gators have developed soybean and other non-
milk formulas which contain sugars that can be
digested and absorbed by affected newborns,
These formulas can totally alleviate the ill efects
of the enzyme deficiency.
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Another secondary form of malnutrition which
can retard growth is sprue. At one General Clin-
ical Rescarch Center, studies have shown that
in spruc paticnts, gluten—a protein found in many
cereal flours—stimulates abnormal structural and
functional changesin the cells lining the intestinal
wall. These abnormal changes inhibit the young
child’s ability to absorb nutrients into the blood
stream. Most ill children who are placed on a
gluten-frce diet recover their health and within
a year begin to grow normally. Many subsc-
quently lose entirely their abnormal sensitivity to
the wheat protein and are able to return for the
remainder of thcir lives to normal diets.

In general, therapeutic diets have been, or arc
in the process of being, devcloped for a wide
varicty of food-related disorders that can pro-
ducc growth retardation. As in the case of spruc,
some diets have been developed in which a single
damaging nutricnt is omitted. In other diets, a
precursor of an unabsorbable substance, such as
a vitamin, is fed in such large quantities that some
of it is by concentration gradicent forced through
the intestinal wall into the blood stream and
subscquently converted into the necded dietary
product.

Infants with chronic diarrhea, congenital phys-
ical obstruction of the esophagus, incflective swal-
lowing rcflexes due to prematurity, or 2 host of
other difficulties that prevent the proper intake
and intestinal absorption of food can now fre-
quently be nourished through use of a new tech-
nique developed at a General Clinical Rescarch
Center. The new technique—intravenous hyper-
alimentation—allows the stomach and the intes-
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tincs to be bypassed completely; amino acids, fats,
sugar, vitamins, and mincrals arc all injected
through the veins directly into the blood stream,
from where they may be taken up directly by
the cells.

Vitamins are chemical compounds, normal
constituents of a balanced dict, which are neces-
sary for a number of metabolic processes in the
body. Childhood deficicncy of any of the many
known vitamins can lead to serious distortions
in growth. Too, particularly in highly developed
nations, scientists have in recent years heen char-
acterizing disorders resulting from excess intake
of a number of vitamins.

Vitamin A deficiency, for example, has long
been known to thicken the long hones of a grow-
ing child and lead to growth retardation. A more
recent finding in the United States, however, is
that excess intake of vitamin A may also produce
growth failure. Bone modcling is speeded np, and
thin bones are developed which are prone to frac-
ture and somctimes fatal internal hemorrhage.
Many clinical investigators now belicve that the
use of vitamin A supplements in foods represents
an unnccessary hazard to the growing child, par-
ticularly since most children in this country derive
sufficient amounts of vitamin A from their dict.

Vitamin D is required for the uptake of calcium
from the intestine and is thereby essential for
the adequate mincralization of growing bone. Its
absence in the diet can give risc to rickels—a
discasc characterized by soft bones, bowed legs,
and cartilage that fails to mincralize adequately.
In the late 1930', irradiated milk was put on the
market, making vitamin D readily available in
the dicts of most infants and children, and rickets

bege:n to become in this country a discase of the
past.
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Recent research findings have indicated, how-
cver, that a small number of children have a low-
cred response to vitamin D and may appear
deficient despite an adequate amount of the
vitimin in the dict. The insensitivity, which does
not become of importance until after birth, is
caused by a number of different hiochemical ab-
normalitics, may show several distinct patterns of
inheritance, and can present an unpredictable
varicty of symptoms. Some of the victims are short
but not dwarfed. Others may develop signs and
symptoms of classical rickets within months or
cven years after birth.

The most common form of the disorder is a
condition known as primary hypophosphatemic
vitamin D resistant rickets. The condition is
frequently sex-linked; a mother carrying the
abnormal gene may be without the discase herself
and vet pass the gene and the resulting clinical
disorder to a son. The inability to respond ade-
quately to normal amounts of vitamin D may also
be duc to a second disorder in which the kidneys
fail for some reason to reabsorb sufficient quanti-
tics of phosphorous. The unabsorbed mineral
escapes in the urine and is unavailable for incor-
poration into growing hones.
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Until recently, therapy for both of these dis-
orders consisted of administering massive amounts
of vitamin D in order to build very high blood
levels. This therapy was thought to work duc to
the “pressure” of the high concentration of the
vitamin overwhelming a block in a defective bio-
chemical pathway. Such therapy, however, had to
be exceptionally judicious because very high levels
of vitamin D can produce serious injury to the
kidneys.

Partial circumvention of this possible side effect
resulted from a therapeutic innovation of one
General Clinical Research Center. There, inves-
tigators initiated usc of a secondary form of vita-
min D which works more quickly, is used up more
rapidly, and therefore incorporates less threat of
injuring the kidneys than docs an overload of the
primary natural form. '

An even more promising therapy has recently
been reported by rescarchers at another General
Clinical Research Center. Scientists there theo-

“rized that a patient’s inability to utilize normal

amounts of vitamin D might be duc to deficiency
of an enzyme which in normal people acts to con-
vert the natural vitamin into an active form. To
cvaluate this.premise, they administered increas-
ingly large, thrice-daily doses of the activated
vitamin D to five paticnts insenstitive to the
natural form. During 10 months of treatment at
the research center, dramatic clinical, chemical,
and X-ray improvements have been observed, and
there is to date no evidence of side cffects or
kidney damage.
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Recent evidence has indicated that parents who
carry genes for a vitamin D insensitivity, and who
do not display the full form of the discase them-
selves, have, nevertheless, certain blood abnormal-
ities which reflect the genetic defect. A low con-
centration of phosphorous in the blood is one of
the abnormalities. If vitamin D insensitivity has
shown up in his family tree, and if one parent has
low blood phasphorans, an infant should be tested
carly to determine if he has inherited, and will
cventually exhibit, vitamin D insensitivity .

Early diagnosis is of great significance because
therapy before 6 months of age usually averts
compietely the bone deformities and the growth
retardation that might otherwise result. Treat-
ment begun at a later age can heal the lesions and
possibly speed up growtls, but no one knows if
delayed therapy can in time fully restore a child
to his optimal pattern of growth.

A third inherited Iack of vitamin D responsive-
ness, which also may cause growth retardation
and rickets, is renal tubular acidosis. This condi-
tion is caused hy excessive excretion in the urine
of bicarbonate, which is alkaline. The result is
an excess retention of acid within the body. This
body state, known as acidosis, in turn causcs
excess climination of phosphorous in the urine.
Conscquently, insufficient phosphorous circulates
in the hody fluids, and bone mineralization is
defective.

Fortunately, total control of renal tubular aci-
dosis is now achieved through the simple tech-
nique of feeding sodinm and potassium citrate in
palatable fruit-flavored bases. The citrate is me-
tabolized into bicarhonate, replacing that lost in
the urine. A normal acid-alkaline ratio is main-
tained, and proper mincralization of the bones
can then occur,

In recent vears, concern has heen expressed
that many children are ingesting  too  much,
rather than wo litde, vitamin D, and that this
excess may canse growth retardation. Recent
studies have shown that many children do indeed
receive maoderate overdoses of vitamin D and
that. consequently, they may absorb more calcium
into the blood stream than they aeed. This excess
calcium  has not, however, been related to any
growth impairment in normal children.

Occasionally, a child dees ten up at a Gen-
eral Clinical Research Center suffering from
severe hypercalcemia—a blood level of calcium
sufficiently high to produce deflection in the
course of growth. A prevailing theory holds that
such children have inherited a grossly exaggerated
response o cven normal doses of vitamin .
When placed on low caleium dicts, these children
show remarkable growih improvement.

As scientists isolate nwre and more disorders
which affect human growth, an increasing nuni-
ber, such as vitamin D insensitivity, are proving
to be errors of metabolism genetically decreed at
the moment of conception.
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The structure of proteins synthesized within
the body is determined by the DNA within the
nucleus of cells. Derangement in the placement
or internal makeup of a single gene within the
DNA can so distort protcin synthesis that a pro-
tein of markedly abnormal structure is produced.
If this protein is integral to an important bio-
chemical pathway, the pathway may be blocked.
Chemical substances normally degraded or other-
wise acted upon by the pathway may build up to
pathologically high levels, and essential products
of the reaction may be produced in seriously de-
ficient amounts. The cffect on the growth proc-
ess of this inherited block depends upon the
importance of the pathway, the availability of
alternate competent pathways, the age at which
the blocked pathway hecomes significant, and,
finally, upon the cxternal factors operating
concomitantly.

Sickle cell anemia is an inherited cause of
growth retardation which is found only among
black pcople. This trait may have cvolved as a
valuable adaptation to life in Africa, where
malaria is endemic. The abnormal hemoglobin
responsible for the unique sickle shape of the red
blood cells provides resistance to malaria para-
sites. Chronic ancmia, however, results because
of a decreased capacity of these sickle-shaped
blood. cclls to carry oxygen.

Children with this inherited disorder may grow
within normal limits; however, one study has
shown that, as a group, they weigh less, arc
shorter, and have a thinner body build than cither
their normalsiblings or normal nonblack children.
Repeated blood transfusions, given in the past to
affected children as a rescarch treatment, tem-
porarily rclicved them of anemia and placed
them in higher growth curves. Therapy had to
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be discontinued, however, because the ill effects
produced by repeated transfusions were found
to posc a greater threat to health- than did slow
growth. The rescarchers felt that in- view of
the limited abiiity of these children to oxygenate
additional tissue, being small might well be an
advantage.

A much more rare, but treatable, inherited ail-
ment is acrodermatitis cnteropathica. This dis-
casc, which may he fatal if left untreated, is char-
acterized by dwarfism and persistent fungus in-
fections of the skin. It results from an inability
of the affected child to manufacture or metabolize
the unsaturated fatty acids nceded to maintain
growth and skin integrity. Breast feeding prevents
expression of the discase for a time. Cow’s milk,
which has a higher proportion of nonhuman un-
saturated fatty acids, exacerbates it.

A rnumber of infants severely ill with acroder-
matitis enteropathica are today responding dra-
matically to simple injections of cottonseed oil.
Once these injections bring the discase under con-
trol, a drug which hus been used for over half a
century to treat yeast infections uncxplainedly
can take over to control all further symptoms. In
fact, only now is it apparent that some adults who,
as children, had been routinely prescribed the
drug for yeast infections might well have “grown
up” to be dwarfs had not iheir basic discase been
accidently treated at the same time.

The nced for the drug persists throughout life.
Investigation has just been launched to study the
drug’s relation to fatty acid metabolism and i
determine how it works.
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Acrodermatitis enteropathica and its cmpirical
treatment is a prime example of how science can
often control a genetically determined mctabolic
crror even before the underlying biochemical de-
fect is fully understood.

In recent years, great strides have been made
in identifying and distinguishing an array of cn-
zymatic malfunctions, all of which result in dis-
proportionate dwarfism. Individuals affected with
these enzymatic disorders, who were once given
the catch-all diagnosis of achondroplasia, tend to
possess a normal length trunk; however, their
limbs are too short and their heads arc too large
for cither their chronological or hiological agc.
The lack of synchronous growth is duc to the fact
that the formation of cartilage, and its replace-
ment with bone, is irrcgular throughout the
skeleton.

Classical achondroplasia has now been identi-
fied by a General Clinical Rescarch Center as a
specific illness in which cartilage formation ac-
tually proceeds in an orderly fashion; subsequent
bone formation, however, is too slow to keep pace
with both the normal development of connective
tissucs covering the bones and the closing down
of the cpiphyses.

The same General Clinical Research Center has
shown another type of disproportionate dwarfism
to result from markedly disordered cartilage for-
mation. During the prenatal period, this disorder
can.result in an abnormally narrow chest which,
by restricting breathing, can cause death soon
after the newborn becomes dependent on his own
lung capacity.

As in vitamin D insensitivity, when a growth
disorder is inherited, the defective gene may have
also expressed itsclf by an observable abnormality

a
R

in the parent. More often, however, the genetic
aberration in onc strand of parental DNA is over-
come by the normal functioning of the paired
gene in the parallel strand of DNA: in this casc,
the resulting illness is minimally or not at all
detectable in the parent. The aberrant gene is
then said to be recessive. Tts adverse influence is
overcome by the normal, or dominant. gence with
which it is paired.

If both parents contain a recessive abnormal
gene controlling the same function, onc out of
cvery four children produced by the two will
likely reccive a pair of recessives, one from the
germ cell of each parent. The affected child will
have no dominant normal gene, and the abnormal
function will be expressed fully in him.

The recessive method of inheritance is common
to a wide variety of genctic disorders. (Other in-
herited metabolic errors have more complex meth-
ods of transmission. ) Sometimes, however, the
metabolic error may represent a fresh mutation
in an isolated gene. This mutation may result
from an cxternal influence such as German
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measles, parental age, radiation, or drugs acting
adversely on cither the germ or the fetal cells,
In such cases, there is no statistical pattern of
inheritance, and parents of an afflicted child nced
have little fear of recurrence in future offspring.

One illustration of a fresh mutation resulting
in a slow rate of growth after birth is mongolism
or Down’s syndrome. Only onc-half of 1 percent
of parents stand a chance of bearing such a child;
this rate applies whether or not the family has
already had a mongol child. The disorder cannot
be cured, but since fetal cells are constantly cast
ofT into the amniotic fluid in which the growing
child is suspended, amniocentesis by the 14th weck
of intrauterine life can now reveal if the fetus is
carrying the defect.

Turner’s syndrome and Hurler's syndrome are
two other classic examples of inherited, potentially
growth-retarding diseases which can be diagnosed
in intrauterine life by amniocentesis.

Minor symptoms which arc themselves of little
immediate conscquence to the patient may serve
as diagnositic clues to serious illnesses which may
in the future severely retard growth. For example,
only recently has it been discovered that a com-
bination of slightly clevated temperature, greater
than normal intake of oxygen, numerous nosc-
bleeds, and excessive perspiration can hint at the
presence of osteogencesis imperfecta. This disorder
in time results in bones which are brittle, thin, and
fragile; an afflicted infant can suffer broken hones
just from having his diaper changed. The bones
in the car arc also frequently affected. Some cases
arc inherited from parents with defective genes;
others are the result of fresh genetic inutations.
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The affected child usually grows normally at
first. But, over the vears, growth becomes stunted,
and repeated fractures keep him not only from
normal play but even from attending school.

Until 1968, no medical help was available.
Now, during a second year of experimental treat-
ment, osteogencsis imperfecta patients who have
been prescribed capsules of iagnesium oxide are
demonstrating a 50-percent rechuction in fracture
ratc and arc putting on needed weight. Since the
bones of many treated patients have already un-
dergone irreversible deformity, the ultimate effect
of this medication on height gain is still too meager
to assess. However, investigators feel that the
earlicr the diagnosis is made and therapy initiated,
the greater is the chance that the affected child
may achieve near-normal patterns of growth.

Growth of children bhom with heart discase,
whether congenital or inherited, often lags as
muich as 2 years behind that of their peers. By the
time the child with a severe congenital heart con-
dition reaches his fifth birthday, he may be bur-
dened with a 1V4-year growth lag. Extensive
studices of these voungsters are being conducted
by investigators at a number of General Clinical
Rescarch Centers.

One finding is that the scverity of the growth
lag tends to parallel the severity of the heart de-
fect. In only a limited number of specific heart
disorders, however, does growth retardation scem
to stem directly from a recduced ability of the
heart to circulate blood to the growing body
tissucs.

Clinical research center researchers have also
found that many children with heart disease have
an almost normal number of body cells for their
size but not for their age. Some of the cells are
abnormudly large, while others are abnormally
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small. These cellular anomalies may result from
an incfficient transport into the cells of amino
acids needed for protein synthesis, or they may
result from excessive whole body intake of oxygen.
They could also result fromn unknown effects of
heart ailments which stimulate or inhibit caloric
or protcin metabolism.

In almost all cases in which an underlying
illness has retarded growth, the stunted child can
show almost magical powers of compensatory
growth once the iliness has been adequatcly
treated. Not all heart victims improve their growth
rate after corrective surgery, but in most accclera-
tion docs take place within 2 years following
the correction. The most dramatic growth is
expericnced by a child in whom a major, con-
genitally narrowed artery hetween the heart and
lungs is widened surgically. This youngster can
gain as much as 4 years of biological age within
a2 6-month growth spurt, which brings him near
the same point he would have reached had he
never suffered the defect.

In other examples, the growth of one 12-year-
old hoy successfully treated for hypothyroidism
accelerated to the rate experienced by a 1V4-year-
old child. Once a 4-ycar-old girl had a tumor
removed from her adrenal glands, she began to
grow at the rate of a child of 6 months.

In almost all cases, a slowdown follows on the
hecls of the initial catchup spurt of growth; the
children do not “overshoot” the mark. Investi-
gators suspect that somne unidentificd mechanism
attempts to return children to normal patterns of
growth cven after significant deviatinns have oc-
curred. This regulative force abides by many
of the rules of normal growth.

43

Usually, the growth of a boy is much more
adversely affected than is that of a girl suffering
the same medical disorder. Once relieved of the
factor that caused the growth lag, however, the
boy tends to compensate more quickly than does
the girl. For both sexes, the carlier the underlying
illness is successfully treated, the more rapid is
the rate of catchup growth. By the same token,
correction of an illness in later childhood tends
to result in a slower rate of catchup growth and
is less likely to allow cither boy or girl to grow (o
full potential height.

Weight deficits after illness are usually the most
casily overcome. Short stature, the most common
disorder of growth, corrects itself less rapidly.
Bone maturation, and thercfore biological age,
is the slowest of the growth paramcters to accel-
crate. For some children, it is almost as if a suc-
cessfully treated illness signals the body to delay
its maturation, and the resultant closure of epiph-
yscs, until the bones have had time to grow to
their full length.
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Effects of Emotion

The hierarchy of newral and endocrine systems
influencing growth appears akin to “the house
that Jack built> The pituitary gland is under
the control of the hypothalamus, an area at the
base of the brain where unconscious activities
appear to be initiated. 1t, in turn, is controlled
by higher centers in the nervous system, which
themselves are responsive to the cerebral cortex,
the portion of thé brain bresumed yesponsible
for complex and conscious thought. How the
cerebral cortex ultimately controls the hypothala-
mus has always intrigned physicians. To this
day, the mechanisms are poorly understood, but
they are under increasingly intense muvestigation
because they-constitute a physiological means by

which basic body processes can be influenced by
emolion.

Healthy infants living in institutions frequently
fail to develop normally. Their failure to thrive
has traditionally been attributed to the effects of
“emotional deprivation.” As a result, social work
agencics seek foster home care as an alternative
to institutionalization whencever feasible. The
theory is that in a private home the child can
benefit from the emotional warmth, physical han-
dling, social contact, and sensory stimulation
provided by intimate contact with an adequate
mother figure. In gencral, the vounger the child,

~ the greater his need for a mother-substitute.

But the home atmosphere some children live
in is very deprived. As an example, few physi-
cians can recall a single instance in which an
emotionally deprived, inadequitely growing child
was spontancously brought for treatment by
worricd parents. Instead, almost all cases of
growth lag arc referred by third partics, such
as schools, relatives, or other physiciims.

Impetus for rescarch on the effect of emotional
deprivation on growth and development came in
the middle 1960’s. Investigators at two General
Clinical Rescarch Centers independently reported
that & number of children suspected of hypopi-
tuitary dwarfism began growing rapidly after they
were admitted to the research center and long
before institution of HGH therapy.

Many of these children displaved such classical
signs of hypopituitary dwarfism as low HGH
levels, retarded growth, delaved bone and sexual
maturation, and ACTH insufliciency. However,
social work investigation revealed a number of
unusual factors, The children were exceedingly
shy and immature. They came from environments
torn by cmotional strife, and they were usually
rejected by one or both parents, A few patients
ceven showed overt or X-ray evidence of having
been physically beaten,
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In one of the rescarch center studies, children
whose growth retardation was suspected to be
caused by emotional deprivation were followed
over a S-year period. For 22 cases in whom no
other cause of growth failure could he docu-
mented, the median age at achnission, was 6
years, but the median hone age was only 314
veirs, The growth rate of nine of the patients—
those who could be evaluated before hospitaliza-
tion—was only 1.4 inches a year.

Most of the children in this study were pale
and pathologically short. Many also showed sig-
nificant retardation in social, motor, and intellec-
tual development. They did uot play well with
siblings or other children. The infants in the
group were lethargic, and some had a wide-eyed
scarching look, known as “radar-like” gaze.

Scparation front parents was the principal
therapy received by these children. In general,
standard pediatric nursing care and normal diets
were provided in the hospital. No special calories
or protein rations were offered, and medication
was generally limited to vitamins and iron.

Despite the paucity of treatment, the majority .

of the chikdren showed dramatic response. Their
rate of growth increased to as much as 6.3 inches
a year. In addition, most showed marked physi-
cal, emotional, and social improvement by the
time they were dismissed from the hospital.
Followup studies revealed that those children
subsequently referred to foster care or convales-
cent homes continued to display significant catch-
up growth. On the other hand, the children who
retirned 1o their own homes frequently failed
to return for followup appointments. Except in
those instances in which the home situation had
improved, those who did return tended to display

a slowdown in growth toward carfier depressed
levels.

On the basis of this sidy, the investigators
conchided that these children had normal pitui-
twry glands capable of scereting the HGH re-
quired for adequate growth. Their growth re-
tardation appeared clearly duce o the infhience of
emotional deprivation which inhibited, throngh.
some mmknown mechauisin presmnably involving
nervous pathways between the cerebral cortex and
the hypothalimus, sufficient release of the hor-
mone.

Even tiny infants respond adversely o emo-
tional deprivation. F'ypically, the low birth weight
infant spends the carly weeks of lifc in the hygieni-
cally controlled but monotonous environment of
an isolette. He receives maximum physical care
but minimal sensory stimnkation. Actual handling
of the child is usually confined to times of feed-
ing and diaper changes. One group of General
Clinical Rescarch Center investigators hypothe-
sized that the subsequent lag in intellectual and
physical growth frequently observed in children
of premature or intrauterine retarded birth might
be largely duc to this emotional isoktion imposed
upon them in the carly weeks of life.




e R R I TS

To study this hypothesis, the investigators
sclected one group of infants within the nursery
for special stinwulation. In addition to usual nurs-
ing care, for 10 days thesc infants had their backs,
necks, and arms rubbed for 5 minutes cvery hour.
Seven to 8 months after discharge from the nurs-
cry, the stimulated infants were found to have re-
gained (heir initial birth weight more speedily
and to have developed a more advanced level of
activity than had a control group of nonstimu-
lated infants of the same age. These findings
tended again to support the theory that emotional
deprivation can indeed directly affect rate of de-
velopment throughout childhood.

Aniong physicians, however, the existence of a
hoi monally mediated influence of emotion on hu-
man growth processes is not universally accepted.
Onc group of investigators, for example, has re-
ported that growth retardation in emotionally de-
prived children is more likely caused by inade-
quate nutrition. This undoubtedly accounted for
the growth failure in 11 of 13 cmotionally de-
prived infants who showed significant weight gain
in a General Clinical Rescarch Center study in
which they were intentionally denicd emotional
stimulation greater than that which they had re-
ccived in their homes. It also seems documented
by another study in which thin, cmotionally de-
prived infants gained weight adequately in their
own homes when fed always in the presence of an
observer.
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Investigators studying these children belicve
that only part, or none, of the growth lag scen in
cmotionally deprived children stems from the
hypothatamus. However, all the children reported
in these two studics were under 3 years of age and
probably were not comparable to the older chil-
dren described in the preceding discussions. Tt the
latter groups, hypothalamic inhibition of growth
hormone release, not nutritional inadequacy,
remains the more likely cause of growth failure.

It is true that parents frequently report feeding
problems’ in their emotionally deprived, slow
growing children. However, paradoxically, they
most often report that their children developed
voracious appetites in the first weeks of life that
could be satisfied only with great difficulty. As the
children grew older and continued to demand
excessive quantities of food, the parents fre-
quently made an attempt to limit their food
intake. Sometimes, children were locked in their
rooms or out of their homes to keep them away
from food and drink. The children were said to
raid garbage cans and animal dishes and to drink
from toilets and mud puddles. They slept poorly
and prowled at night, ostensibly looking for some-
thing to cat. Stealing and hiding food were com-
mon phenomena.

Some rescarchers have suggested that the con-
tradiction between the “hormonc” theory and
“nutrition” theory of growth retardation in emo-
tionally deprived children is only apparent. They
maintain that there is a hypothalamic influence
on growth but that this influence is mediated not
through inhibition of HGH secretion but rather
through a blockage of intestinal absorption and
cfficient assimilation of nutrients. Certainly, other
disorders of digestion are known to have psycho-
somatic origin, and this theory would explain the
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seeming paradox of poor growth in these children
despite excessive food intake.

A study of the cffects of anxicty on digestion has
been conducted at a General Clinical Research
Center. College students were found to require
significantly increased protein intake to maintain
the stepped-up metabolic activity produced by
the stress of preparing for and taking final exam-
inations. This result has been interpreted as lend-
ing support (o yet another thcory—that stress or
cmotional deprivation may interfere with the
action of insulin and, thercfore, with the appropri-
ate utilization within the body of sugar and
protein.

Thus, the cvidence is clear that emotional
deprivation can in fact scriously retard growth
processes in children. To date, a varicty of
mechanisms have been proposed to explain how
this adverse influence is exerted, and others will
likely be advanced in the future. Detailed under-
standing of how emotions affect growth, however,
must in all probability await an cven more refined
understanding of the process of growth itsclf.
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The psychology of adulescence has been studied
for many years. Only since 1960, however, have
medical scientists appreciated that the physiology
of adolescence is sufficiently unique to warrant
it as a specialized field of study.

Puberty begins when the pituitary gland starts
to sccrete the gonadotrophins and the gonads,
under their influence, begin to release sex hor-
mongs. No onc knows what triggers the pituitary
to begin this secretion or how the time of onsct is
synchronized with other body processes.

Each individual child, however, appcears genct-
ically programed for maturation. Indeed, puberty
has now been shown to be the first time in the
life of the normal child when heredity over-
shadows environment in determining how he will
grow. Even among abnormally short children, the
“least short” are usually the offspring of the tall-
cst parents. Thus, although environmental fac-
tors arc causing children of the United States
today to enter puberty 3 years earlier than they
did a century ago, heredity remains the primary
rcason tall parents beget tall adults, and short par-
cnts short adults. :

Until the age of 10, boys and girls grow at
almost identical rates. Children sharing the same
chronological age vary only slightly in size. How-
ever, regardless of chronological age, the more
advanced the biological age of any child, the
closer he is to sexual maturation and the less
growth potential he retains. Thus, just as the
female comes into life with a more advariced
biological age (as mecasured by bone age), so
she enters puberty carlier and emerges from it
an adult shorter than her male counterpart.

Puberty usually begins only after at least 85
percent of eventual height has been achieved. Tts
onsct is marked typically by the beginning of
breast development in the female and by genital
changes in the male. And, although the initial
manifestations may be subtle, the growth, the

" sexual development, and the emotional changes

which subsequently characterize puberty can be
sufficiently dramatic to make it as difficult a time
as any the human must endure.

In both sexes, adrenal androgen appears to be
instrumental in initiating the pubescent growth
spurt. During the growth spurt, feet and hands
first increasc in size. The calves and forcarms, the
hips and chest, and the shoulders then follow,
in that order. Because the last to increase is the
size of the trunk and chest, the young lecnager
must almost invariably pass through a transitional
stage where his hands and feet are large and un-
gainly relative to the rest of his body. However,
the rate of growth of the trunk in time exceeds
ihat of the lower limbs, and the overall increase
in height which occurs during adolescence even-
tually is derived more from increase in length of
the trunk than from growth of the legs.
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Although there may be a variation of 3 years
between the beginning of the growth spurt in
onc normal child and another, the typical girl in
the United States now begins puberty at the age
of 10%%. For the next 2V, ycars, she grows at
an average annual rate of 3 inches per ycar. With
the onsct of the menstrual cycle, about age 13,
the adolescent girl then expericnces a rapid de-
cline in growth rate but will continue to grow,
at a reduced pace, for another 3 years. By the
age of 16, her cpiphyses are usually closed, and
further increasc in height is impossible.

The average adolescent boy, on the other hand,
is only beginning his growth spurt at age 13. It
will usually be more marked, more intense, and
of longer duration than that of the girl. For
example, during the next 2Y, years, when his
height is increasing most rapidly, the adolescent

Loy usually grows at lcast 4 inches a year. This

is close to the dramatic rate of growth experi-
enced by 2-year-olds. By the time he is 15, he will
be cating seven times more protcin and 50 per-
cent more calories than he consumed at ‘age 9.
Between the ages of 12 and 16, he will almost
double in weight. '

Although the tecnage boy will expericnce ulti-
mately a decreasc in growth rate (and appetite),
his decrease is not so precipitous as that of the
girl. The cpiphyses of his long bones usually do
not close, and his increase in hcight is not over,
until he reaches his late teens.

Perhaps as dramatic as the increase in body
size which occurs during puberty is the concomi-
tant development of male and female sexual
characteristics. The pubescent girl devclops

rounded contours by accumulating fat on the
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breasts, hips, and thighs. The boy, on the other
hand, becomes during puberty more lcan than
he will ever be again. The pelvis of the girl en-
larges more than do her shoulders; in this way, she
is prepared for childbearing. The shoulders and
chest of the boy increase more in size than docs
his pelvis, and his total muscle mass makes tre-
mendous compctitive gains.

Bonc age is a measure of degree of closure of
the epiphyscs. Since an adolescent may continue
to amass new cclls for some time after his cpiph-
yses have closed and his height has stabilized,
bone age cannot be used to determine when
puberty is complete and adulthood achieved.
After full adulthood is reached, however, nct in-
creasc in total number of body cells does not usu-
ally occur; reproduction of cells does continue
throughout adult life, but its rate is usually syn-
chronized with cell destruction so that new cells
just replace those which are lost. Adulthood, and
the end of puberty, therefore, may be defined
scientifically as the time a steady state of cell
population is finally attained.
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Obesity

Many of the medical disorders which disturb the
middle-aged and the aged have subtle origin dur-
ing adolescence. Obesity which develops in child-
hood tends to continue to plague the individual
throughout life. Unfortunately, neither the obese
child nor his parents usually become sufficiently
concerned about his weight until he is well into
puberty—when weight reduction is next to im-
bossible. Since excess weight can generate greal
anxiely and depression in a leenager, and eventu-
ally lead to ill health in adulthood, many clinical
mwestigators in this country are investigating the
biochemical reactions and the control mecha-
nisms involved in the storage and breakdown of
[ats in children. From such studies, ho pefully, bet-
ter methods can be developed 1o correct obesily in
childhood and prevent its becoming a lifelong
problem.

Fat infants and plump children may appear

delightful to their parents; however, the chances

arc four out of five that the overweight child will
become an overweight teenager who, in turn, will
carry his problem threughout adulthood. An estj-
matcd one-tenth to one-fourth of the adolescents
in this country are overweight,

‘Adolescent girls negatively relate increasing
weight with obesity, while boys tend to view in-
creasing weight positively as a manifestation of
growing strength. One recent study of closc to 600
high school students showed this disparate, yet
mutual, dissatisfaction with weight. Four-fifths

of the girls wanted to weigh less: almost all the

boys wanted to weigh more. Only the obviously

obese among the boys wanted to lose weight.
The young girl emerging into womanhood is

[requently torn between social pressures that place

a premium on being slender and a maturing
metabolism that inexorably deposits fat on her
growing body. From a medical standpoint, these
fat deposits may fall within the range of healthy
female growth. So great are the pressures, how-
cver, that previously thin girls may imagine them-
selves doomed to obesity unless they dict rigor-
ously. These girls constitute a large portion of the
American youngsters who, despite aceess to proper
food, exist in a borderline state of nutrition be-
cause of ill-advised attempts at weight reduction.
Tronically, the dicts of overweight girls, whose
caloric intake may even be excessive, are akso fre-
quently inadequate nutritionally,

To growth rescarchers, the high correlation lye-
tween teenage obesity and the incidence of such
disorders of the later years as hypertension, heart

ailments, diabetes, and respiratory ills makes ex-

cess body fat more a medical than an acsthetic
concern. For example, in 85 percent of all adult
diabetics, obesity preceded the onset of the dis-
casc. One thceory is that excess body fat in some
way produces resistance to the activity of insulin,
which in turn causes blood sugar levels to in-
crease. A compensatory increase in secretion of
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insulin by the pancreas occurs and continues until
the capacity of the pancreas to produce the hor-
monc is exhausted. Then, insulin production falls,
and clinical diabetes results. Studies of ohese in-
dividuals who have lost weight indicate, on the
other hand, that once normal weight is vegained,
clevated insulin Ievels will often return to normal.

Other studics have indicated that atheroscle-
rosis (the most common form of hardening of the
arterics) may begin in the pubescent male. Au-
topsy studies of boys in the late teen years dem-
onstrate consistently that the fatty arterial plaques
which are the constituent heginnings of athero-
sclerosis can begin during adolescence. As athero-
sclerosis is the fundamental cause of coronary
artery discase, rescarch into its causation and pre-
vention during the adolescent years, and its rela-
tion (o teenage obesity, may in time have signifi-
cant influence in reducing the high mortality of
American men from heart diseasc.

Unfortunatcly, physicians have discovered that
for the medically obese boy or girl, puberty may
be the most difficult time in life to shed excess
pounds. The entire physiology of the adolescent
is geared to promote growth, and any attempt to
reverse any of its growth parameters may he met
with insuperable resistance.

Only temporary decreases in weight have been
experiened by obese adolescents in outpaticnt
weight reduction programs. After 1 to 2 years,
these teenagers have all reverted to their initial
obese status. Greater success has frequently been
achieved by teenagers cnrolled as inpatients in
cither hospital or summer camp-based programs.
Yet, cven for these young people, long-term main-
tenance of relatively reduced weight has vet to be
conclusively demonstrated. '
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For ohesc teenagers, therefore, an ounce of pre-
vention is literally worth a pound of cure. The
cvidence is overwhelming that, ohesity is hest
averted, cvaluated, or treated as carly in life as
possible. ’

The most common, and the simplest, procedure
for determining whether an individual is too
heavy is to compare his weight with the weight
considered normal for one of his height, bodly
frame, age, and sex. However, since total body
mass is compos:i not only of fat but also of bone,
muscle, and water, a person may he overweight
“by the chart” without Ieing obese. For example,
a number of foothall players were rejected for
military duty during World War H bhecause of
excess weight. Subsequent analysis revealed that
they had little excess fat but were heavier than
the normal weight the tables allowed duc to their
great muscle and bone development.

In recent years, more refined rescarch tech-
niques have heen developed to assess with preci-
sion the amount of fat in overweight people. They
have arisen from the increased interest of physi-
cians in detecting and modifying actual fatness—
the onc component of overweight that can, and
should, be reduced.

One technique relics on the principle of
Archimedes. The patient is totally submerged
under water, and the volume of water he dis-
places—which is equal to his body volume—is
measured. Total body weight divided by meas-
ured body volume equals total hody density. Since
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the densities of fat, bone, muscle, and water are
all different, this caleulation of body density en-
ables investigators to determine the proportion
of fat in the paticat’s total weight.

Procedures such as this, however, are too de-
tailed for other than rescarch use. Because half
of all pubescent fat is located immediately be-
neath the skin, researchers have found that the
thickness of a fold of skin on the back of the
upper arm corrclates reasonably well with the
amount of body fat present. For example, a 15-
year-old girl whose skin fold measures more than
an inch is considered ohese. Similarly, a 12-year-
old boy with a skin fold thickness of at least
three-quarters of an inch is also judged obesc.

Carcful measures of obesity, conducted in a
large population of people, coupled with studies
of familics, documentation of differences in fat
accumulation hetween the sexes, comparisons
among racial and ethnic. groups, and investiga-
tions of identical twins reared together and apart,
arc yiclding impressive evidence that genctic fac-
tors may be very important in predisposing certain
people to ohesity. Too, heredity may also under-
lic why some underweight individuals do not gain
weight despite an obviously excessive caloric
intake.

Still unknown, however, is how a genetic pre-
disposition to obesity cim be reinforced or over-
come by such envirommental variables as
nutrition, occupation, geography, climate, and
emotion. One hypothesis, as noted carlier, is that
overnutrition in infancy may stinmlate into heing
a pathologic excess of fut cells which then persist
throughout life ind tend always to become laden
with fat. Another hypothesis, being investigated
at a General Clinical Rescarch Center, is that
overnutrition may trigger excess production of
insulin and HGH in genetically susceptibic new-
borns, which would also encourage cxcess fat
storage. If any such hypothesis can be docu-
mented uncquivocally, then a significant propor-
tion of adolescent obesity may in time be ascribed
more to hormonal or genetic influences than to
simple overeating.

Some studies of obese teenage girls have in
fact shown their daily caloric intake to be lower
than that of lean controls. A possibility, which
has not yet been proven, is that these obese girls
have hormonal imbalances which in some fashion
result in depressed estrogen activity. This, in turn,
could allow adrenal androgen, present in normal
but limited amount, to exert unopposed its mas-
culinizing cffects, with resultant weight gain.

However, ncither hormonal dysfunction nor
excess caloric intake seems to be the single deter-
minant of obesity. for exanple, right from birth,
obese children are decidedly less active than the
nonobese. Movies taken during physical educa-
tion ~lasses at a swimniing pool showed that
the tatter teenagers spent 72 percent of their time
standing around, whereas their normal weight
peers spent 75 percent of their time vigorously
engaged in water sports.
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The causal rclationship hetween obcsity and
inactivity is not known, Inactivity may contrib-
ute to ohesity through reducing the number of
food calorics which are utilized for cnergy; alter-
natcly, the obese child may be inactive as a result
of the heavier weight he must move about. Yet,
one fact is certain—every caloric that is spent
through increased physical activity is onc less
caloric that can he stored as fat.

In a recent test, 100 obesc adolescent girls were
enrolled in a public school physical cducation
program which by design kept them in virtually
constant motion for 45 minutes each school day.
Also included in the program wecre nutrition
education, psychological support, and encourage-
ment to continue vigorous physical exercise dur-
ing days off from school. :

After 5 months, the girls were compared with
a control group of ahout 70 nonprogram girls.
The study group had decreased skin fold thick-
ness an average of 50.5 percent, compared with a
decrcase of 31.9 percent in the control- group.
Average body weight decreased 27.7 percent, as
against 11.6 percent in nonprogram girls,

As a result of this study, a number of schools
arc instituting physical cducation classes specifi-
cally designed to help the obese child, who in the
past has emerged physiologically untouched (but
often scathed psychologically) from traditional
physical ed programs that have served only to
enhance the skills of the athletically endowed.
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Early and Late Puberty

In adolescent boys, the growth spurt occurs at a
later age than in adolescent girls. As a resull, even
@ lall boy wants to be taller, and a short boy is
[ear[ul he will be short [orever. On the other
hand, since the girl shoots up much carlier than
the boy, she is concerned she will be too tall as
an adull and haze the same difficully finding a
husband as she does finding a suitably tall dance
partner. Since the accepted normal height” dif-
[erential between men and women does not usu-
ally result until the years of puberty are ended.
increased understanding of the differences be-
lween male and [emale growth rales during
adolescence  permits  physicians today to allay
many umwarranted \leenage concerns about
height. Conversely, researchers are also develop-
ing innovative ltechniques to enable leenagers
with medically confirmed growth problems to
grow lo a height consistent with their peers.

Heredity, not environment, paces the changes
of puberty. Since cach individual advances from
childhood to adulthood at his own genctically
determined rate, a teenager cannot validly com-
parc himsclf with others of the same age. Heredity
can cither delay biological age and, thercfore,
growth in the short teenager, or it can usher a
tall teenager into puberty at an carly age.

Recently developed clinical procedures, includ-
ing the radioimmunoassay tests, usually reveal
that all body systems, in both tall and short teen-
agers, arc working harmoniously. X-rays of wrist

epiphyses provide a measure of how far all

cpiphyses are from closurc and, thercfore, how
much linear growth may yet be achieved.

These procedures reinforce more traditional
obscrvations that tall adolescents nsually complete
growth carly, whereas short adolescents continue
to grow for long periods. The tall girl will usu-
ally grow only a little taller; the height of the
short boy can in time exceed that of his tallest
friends. Such information can he of great help in
reassuring and allaying the fears of the short hoy
who is afraid he is not growing cnough or the tall
girl who thinks she will be a giant.

A girl will usually have achicved most of her
adult height by the time regular menstrnal pe-
riods hegin. The female hormones, estrogen and
progesterone, are responsible for inducing the
menarche. Under their influence, growth quickly
slows down for the adolescent girl and usually
terminates in 2 to 3 years. This influence is the
basis for administering these hormones to induce
growth retardation in premenstrual girls whose
apprchension of excessive adult height has been
scientifically confirmed.

Twenty years ago, administration of cstrogen
was found inadequate to slow down the girl who
was growing too tall. In addition, considerable
“breakthrough” vaginal bleeding ocenrred when
it alonc was given as therapy. In more recent
years, however, a rescarch treatment using
estragen in much larger doses and in combination
with progesterone has proven very cffective, and
few adverse effects have been noted.

One General Clinical Rescarch Center confines
this rescarch treatment to healthy girls who have
inherited the propensity to be over 5 fect 10 inches
and in whom the wrist cpiphyses are still wide
open.
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Each day, the patient takes estrogen by mouth.
The hormone induces proliferation of the uterine
lining, causing it to become progressively soft and
thick—just as if the girl were normally ovulating
and the uterus were preparing for implantation of
afertilized ovum. To preclude this buildup reach-
ing & point where excessive blecding might occur,
the wterine lining is caused to slough off by injec-
tion of a progesteronc-like compound the first 5
or 6 days of cach month. This duplicates as nearly
as possible the cyclic bleeding brought on by the
large quantitics of progestcrone produced physio-
logically in normally menstruating girls.

In one group of 11 girls, treatment required
8 to 24 months. A decreasc in the rate of linear
growth was observed in all. Some girls achicved
complete growth arrest; others dropped from a
growth rate of 4 inches to four-tenths of an inch
per year. Tor patients whose biological age was
under 13 when treatment was hegun, therapy pre-
vented 2 to 4 inches of predicted growth. Girls
whose biological age was over 13 had predicted
growth reduced by 1% to 214 inches. -

Treatment was discontinued when wrist X-rays
indicated that growth cither had halted or had
been reduced to a rate acceptable to the patient,
After therapy, menstrual periods resumed a nor-
mal pattern. No patient experienced impaired
pituitary-ovarian function or blood clots in leg
veins—both of which are known, infrequent, but
potentially serious complications of this cyclic
hormone therapy.

In another similar study, cach potentially tall
girl received estrogen via a capsule surgically
implanted bencath the skin of the abdomen. Each
capsule gradually released its hormone into the
blood stream and had to be replaced every 6
months. A menstrual-like period was induced by
having the patient take a progesterone pill for 5
days cach month.

In this study, responsiveness to treatment
varied. In about 90 percent of the girls, linear
growth halted after 1 to 3 additional inches of
growth had occurred. In the remaining 10-per-
cent, less dramatic but still significant growth
rctardation resulted.

A number of girls from both studies have gone
on to get marricd, enjoy healthy pregnancies, and
produce normal babies.

Unlike the girls, adolescent hoys are primarily
concerned that they may not grow tall cnough.
Since most boys who arc short in the carly teenage
years will eventually, if slowly, reach normal adult
height, growth experts are less likely to intervence
in their growth than in the case of girls who arce
growing too tall. However, if the boy is severely
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disturbed by his temporary short stature, some
physicians will prescribe male hormones (andro-
gens) to hasten his sexual maturation and,
thereby, his growth spurt.

The time at which androgens arc utilized to
promote growth is important, however, because
at the same time that they promote growth, they
also begin to stimulate epiphyseal closure. There
is a race against time. If sexual maturation pro-
ceeds too rapidly, cpiphyseal closure may occur
prematurely, and the patient may be deprived of
the ultimate height he would have reached had
his intrinsic chronology of growth been realized
without intervention,

In an attempt to avert this danger, some
rescarchers in recent years have begun adminis-
tering androgens in low doses and on a discon-
tinuous schedule. Usually the patient receives the
hormone daily for 1 month and is then taken off
all therapy the succeeding month. Bone matura-
tion is evaluated frequently, and the medication is
discontinued permanently as soon as the patient’s
biological age is obscrved to catch up with his
chronological age.

In onc study of 67 boys who underwent this
intermittent therapy, growth proceeded at the
rate of about 3 inches a year so long as all cpiph-
yses remained open. In most cases, ultimate
height attained was no more than that predicted;
however, most of the boys achieved this height
carlicr, and a few even grew taller than expected.

The periodic interruption of the medication
was [elt to lessen the tendency to too-rapid cpiph-
vseal closure. However, the studies are too
recent to allow conclusion cither that this therapy
averts all danger of premature closure or, alter-
nately, that it promotes growth to a height greater
than the patient’s genetic potential. In fact, onc
theory as to the cfficacy of the treatment is that
the small amounts of androgen administered have
no direct effect on sexual maturation but that
they promote growth only indircctly through
stimulation of appetite.

Precocious puberty is the extreme opposite of
delayed sexual maturation. In this condition, a
girl may develop secondary sexual characteristics
hefore the age of 8, or a boy before he is 10. This
clearly can produce severe psychological problems
for the affected child.




Of cqual importance is the fact that precocious
puberty stimulates the adolescent growth spurt to
begin prematurely. In normal children, childhood
growth is usually complete hefore the adolescent
growth spurt is superimposed; in children with
precocious puberty, the growth spurt hegins long
before the childhood phase of growth is complete.
Since sexual maturation tends to promote closure
of the cpiphyses, this results in epiphyses closed be-
fore truc potential height is realized and growth
of the children into adults noticeably shorter than
their contemporaries.

Precocious puberty is rarc. Sometimes, it is the
first symptom of a cyst or a tumor in the adrenal
glands, the sex glands, or the brain. In certain in-
stances, it occurs in families whose members have
an inherited tendency to excrete at an carly age
cxcessive amounts of adrenal androgen. Many
cases have no known origin and may be vicwed
only as normal puberty occurring at an abnor-
mally carly age.

In these latter cases, the continuing develop-
ment of sccondary sexual characteristics can usu-
ally be slowed down by the administration of a
progesteronc-likc hormone. Within the past year,
rescarchers have begun to report that this treat-
ment may also slow the accelerated rate of cpi-
physcal closurc. Although thesc findings remain
preliminary, they do indicate that appropriate
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hormonc therapy may cventually allow growth to
continuc sufficiently long in children with preco-
cious puberty to allow them to attain normal
adult hcight. '

‘Through such studics, scicntists are lcarning
how to circumvent the whims of naturc that too
often impose heavy burdens on young pcople--
particularly during thosc final ycars of growth
when a young person’s pereeption of himself can
be permanently enhanced or flawed. Also, from
the information derived, physicians arc able to re-
assurc the majority of young people concerned
about their growth that, in time, all variations
will be spontancously resolved.
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Infant Boys

Average Physical Measurements

Black lines indicate 30 pereentile.

Infant Girls
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